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ABSTRACT
Effectiveness of Lift-Assisted Training in Developing 
Upper Body Strength in Females
by
Robin M. Brown
Dr. Lawrence A. Golding, Examination Committee Chair 
Distinguished Professor of Kinesiology 
University of Nevada Las Vegas
Subjects included 17 female college students, aged 19 to 44 yrs. Subjects 
were assigned to 1 of 3 specific training protocols and performed lift-assisted (LA) 
pull-ups (PU) and / or LA bar dips (BD) for a period of 12 weeks. PU and BD 
performance were compared at 0, 4, 8 and 12 weeks training. Flexed arm hang 
(FAH), modified pull-up (MPU) and push-up exercises were compared at 0 and 12 
weeks. A 3 x4  (group by time) repeated measures factorial was used for the PU and 
BD tests, and a 3 x2 (group by time) factorial was used for the FAH, MPU and push­
up tests. There was significant interaction on the PU (F= 4.28, p=.0019) and FAH 
(F= 4.79, p=.0260). There was a significant main effect for time on the BD test 
(F= 33.16, p= 0.0001). There was a main effect for group, and a main effect for time 
on the MPU and push-up tests. Group II (PU) significantly improved on the PU from 
4 weeks (x 0.583) to 12 weeks (x 3.41), and Group I (PU/BD) and Group II were 
significantly better than Group III (BD). All Groups significantly improved on the BD 
from 4 weeks (x 1.9) to 8 weeks (x 3.59), and from 8 weeks to 12 weeks (x 5.8).
iii
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Group II (PU) significantly improved on all 5 tests. Group I (PU/BD) significantly 
improved on all tests except the PU. Group III (BD) significantly improved on the BD, 
MPU and push-up tests.
IV
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CHAPTER 1 
INTRODUCTION
Early man roamed in small bands as hunters and gatherers. Physical strength 
and prowess were essential forsurvival. Thousands of years later the transition from 
hunter and gatherer to farmer began, and existence continued to demand physical 
exertion. During the 20th century, the western world experienced the industrial 
revolution and life became drastically more urbanized and technologically advanced. 
Modem technology has resulted in less physical labor because machines now do the 
strenuous work previously done by man (Hoeger, 1989). Consequently, the amount 
of physical activity in daily living has been reduced and this has contributed to various 
health problems and degenerative diseases (Fiore, 1983).
Researchers have probed into the detrimental effects o f physical inactivity, 
and the reversal of many of these effects, by regular exercise (Peterson, Bryant & 
Peterson, 1995; Safrit & Wood, 1989; Seidler, Waters, & Wilson, 1990). 
Researchers have also studied the physiological effects of different types of exercise 
on the human body. In 1968 Dr. Kenneth Cooper published Aerob/cs which played 
a key role in increasing public awareness of health and fitness. In addition, in the 
U.S., youth were exerting a stronger influence and society became more youth 
oriented. Being physically fit was accepted as being vogue, and the fitness movement 
was launched.
1
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2Physical educators recognize physical fitness as either health-related or 
performance-related (motor ability). Health-related fitness refers to “. . . those 
aspects of physiological and psychological functioning which are believed to offer the 
individual some protection against degenerative type diseases such as coronary 
heart disease, obesity, and various musculoskeletal disorders” (Falls, 1980). 
Components of health-related fitness include cardiovascular function, body 
composition, flexibility, and muscular strength and endurance (Safrit, 1990; Siedentop, 
1994). Performance-related fitness refers to “. . . those qualities of function that 
provide the individual with the ability to participate in sports activities with greater 
power, strength, endurance, skill, etc., than would otherwise be the case” (Falls, 
1980). Agility, balance, coordination, power, reaction time, speed, and strength are 
all components of performance-related fitness (Safrit, 1990; Siedentop, 1994).
Performance related fitness is important to elite athletes whereas health 
related fitness is a concern for everyone. Muscular strength is a component of both 
classifications of fitness, however, the amount of strength necessary to become a 
world class weightlifter differs greatly from the strength necessary for maintaining 
general health (Falls, 1980). Muscular strength and endurance are required in the 
performance of many daily physical tasks. In sedentary individuals muscular strength 
rapidly declines with age, and independent living is threatened because of the inability 
to perform simple chores. Maintaining muscular strength helps to keep older adults 
physically independent (Peterson et al., 1995).
Since WWII increasing numbers o f women have entered the workforce. 
Women have aspired to jobs previously reserved solely for men. For this reason, 
many occupations, such as police officers, highway patrolmen, fire fighters, park
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3rangers, security guards and lifeguards developed physical ability tests (PATs) to 
attempt to differentiate between the individuals who could, and could not, meet the 
physical demands of the job. Many of the PATs were not necessarily job related, but 
arbitrarily determined, i.e., completing a definite number of sit-ups and /o r pull-ups, 
reaching a designated height in the vertical jump, or completing a mile run in the 
specified time limit. These tests were often designed to assess the physical fitness 
perceived to be necessary for job performance.
When females entered these occupations they were subjected to the same 
physical ability tests as the males, and males norms and standards were applied. The 
Equal Employment Opportunity Commission (EEOC) was created in 1972 to protect 
constitutional rights, specifically, to enforce the Civil Rights Act of 1964. Since the 
EEOC monitored hiring practices in regards to inequality, ‘adverse impact demanded 
that the physical ability tests be job related and nondiscriminatory. Women who can 
pass valid and reliable PATs can hold positions such as construction workers, heavy 
equipment operators, emergency medical technicians, search and rescue officers, 
police officers, fire fighters, and the like.
Physical ability tests and physical fitness test batteries usually include some 
component of muscular strength and endurance. Muscular strength is defined as 
“. . . the ability of a muscle group to exert maximum contractile force against a 
resistance. The muscle contraction may be staticordynamic in nature depending on 
the resistance” (Heyward, 1984). Muscular endurance refers to " . . .  the ability of a 
muscle group to exert submaximal force for extended periods and can be assessed 
for both static and dynamic contractions” (Heyward, 1984). The pull-up, modified pull- 
up, push-up and flexed arm hang are frequently used to assess upper body muscular
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4strength and endurance (Bosco & Gustafson, 1983). In fitness batteries using the 
standard pull-up, females have had a difficult time meeting the established criteria, 
usually designated as one pull-up (Corbin & Pangrazi, 1992).
Typical traditional exercises, forthe purpose of performing pull-ups, include 
the lat pull-down, chest press, and biceps curl. Rutherford and Corbin (1994) 
incorporated these three exercises into a 12 week training program using female 
college students. The purpose of the study was to establish criterion referenced 
standards for selected tests of arm and shoulder girdle strength and endurance. After 
completing the training program, the female students improved their performance on 
the pull-up exercise from zero repetitions to one-half repetition (lifting their bodies 
upward until the angle of the elbow joint decreased to 90 degrees).
In 1987, StairMaster developed the first upper body lift-assisted machine, the 
Gravitron 8000. Manufacturers of weighttraining machines recognized that if the goal 
of strength training was to perform a pull-up, or multiple pull-ups, the individual needed 
to train by imitating the pull-up movement Individuals unable to perform one complete 
pull-up or bar dip were now able to simulate the movement with lift-assisted strength 
training machines. These machines allow for a progressive increase in tension as 
the individual becomes more adept at lifting a greater percentage of his or her own 
body weight. In 1990 Cybex introduced its lift-assist model, and Nautilus and 
Universal also developed lift-assisted machines in the early 1990s (Brzycki, 1994). 
In 1993, StairMaster introduced a simplified lift-assisted model, the Gravitron 2000, 
which was used in this study.
With lift-assisted training the individual sets the machine at the preferred 
assistance level, then stands or kneels, depending on the model, and performs the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5desired number of repetitions of the pull-up and /  or bar dip exercise. Several 
principles apply to strength training, including the principle of specificity. This principle 
states th a t" ... the body’s physiological and metabolic responses and adaptations 
to exercise training are specific to the type of exercise and the muscle groups 
involved” (Heyward, 1998). If the goal of training is to improve pull-up performance, 
lift-assisted training would appear to be the preferred method, as the movement of 
training closely resembles the movement to be tested.
Need for the Study 
The principle of specificity implies that the adaptations occurring in muscle are 
specific to the muscle fibers involved in the activity, and to the type of training. 
Training programs simulating the movement to be tested are likely to be more 
effective than training programs designed to work the same muscle groups, however, 
not the same movement pattern.
Upper body strength and endurance have long been a fitness concern of 
females as they have performed poorly in that phase of test batteries and physical 
ability tests. Traditional weight training methods, for the purpose of performing the 
standard pull-up, requires working the same muscle groups involved, but in a different 
pattem from the way these muscles are recruited during a pull-up. Another method 
of training, to improve pull-up performance, involves a partner assisting the subject 
in completing the pull-up (Hoeger, 1989). While this method more closely simulates 
the movement to be tested, lift-assisted machinery goes a step further by allowing 
subjects to systematically increase the level of resistance, without the need of a 
partner. As individuals increase their strength, they lift a greater amount of their own
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6body weight. Lift-assisted training is relatively new and limited data is available 
concerning its effectiveness.
Purpose of the Study 
This study was designed to determine the effectiveness of lift-assisted training 
in developing the strength and endurance necessary to perform the standard pull-up 
and bar dip exercises. The performance of the pull-up or bar dip exercise takes 
considerable strength and endurance. The majority of females cannot perform one 
complete pull-up, as determined by physical fitness test batteries (Corbin & Pangrazi, 
1992). Three additional tests were selected to supplement the pull-up and bar dip 
measurements. These three additional exercises include the flexed arm hang, the 
modified pull-up and the push-up. The flexed arm hang, modified pull-up and pull-up 
exercises involve the same muscle groups and actions, although the pull-up exercise 
is more difficult to perform. The push-up and bar dip exercises involve the same 
muscular actions, with the bardip being more difficult to perform (Thompson, 1989). 
This study has been designed to;
1. Determine the effectiveness of lift assisted training in developing upper body 
strength in females as measured by pull-ups and bar dips, and supplemented 
by the flexed arm hang, modified pull-up and push-up measurements,
a. Subjects performed one of three specific lift-assisted training 
protocols fora period of 12 weeks. Effectiveness was determined by 
comparing the subjects initial performance on the pull-up, bar dip, 
flexed arm hang, modified pull-up, and push-up tests with the 
performance at the conclusion of 12 weeks training.
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7b. In addition, a comparison was made of the three training methods.
c. The rate of improvement was determined by measuring pull-up and 
bar dip performance at 0, 4, 8 and 12 weeks training.
Limitations
1. This study was limited to healthy female college students between the ages of
19 to 44 who volunteered for this 12-week training program.
Assumptions
It was assumed that;
1. The muscular strength and endurance tests were valid and reliable.
2. Directions given for each muscular strength and endurance test were 
consistent and that subjects followed directions when performing the tests.
3. Directions given for training were consistent and that subjects followed 
directions when performing the training program. Subjects were instructed to 
perform each set of repetitions until exhausted and it was assumed that 
subjects were performing each set maximally.
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CHAPTER 2
REVIEW OF THE LITERATURE 
Historical Overview o f Physical Fitness 
The need for physical fitness has been evident throughout history and is 
expressed in the following passage by Barrow (1983) .. one of the great lessons
from the past is that historians have been able to trace the rise and fall of nations by 
what people have done about fitness in their leisure.” Primitive man depended on 
physical prowess forsurvival. Ancient nations such as India, Sumer, Egypt, Assyria, 
Babylonia, and Israel participated in various games and activitites involving physical 
exertion (Barrow, 1983; Hackensmith, 1966). Activities played in China stressed 
moral education and exercise of the body while influencing modem martial arts. But, 
according to Barrow (1983), it was Ancient Persia that first followed a structured 
physical training program, fueled by military motives. The once powerful Persian army 
was eventually defeated by the Greeks.
The Ancient Greeks influenced modem physical education by stressing the 
development of the total individual, emphasizing the mental, moral, social, and physical 
aspects (Barrow, 1983; Mechikoff & Estes, 1993). In Athens, during the Archaic 
period, women did not share the same status as men, and had few rights as they were 
considered property (Hackensmith, 1966). The education females received was 
provided at home, not by the state. The male youth studied grammar, music, and
8
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9physical education. The physical fitness programs emphasized strength and 
endurance as these components were crucial in the survival of hand to hand combat 
(Barrow, 1983; Hackensmith, 1966).
In Sparta, the emphasis was on physical development for military purposes. 
Females were required to develop their physiques forthe purpose of bearing strong 
children (Barrow, 1983; Mechikoff & Estes, 1993). By age seven, both boys and girls 
participated in separate physical exercise programs. Spartan girls attended state 
supervised fitness classes from age seven to eighteen and were often allowed to 
compete with boys in contests of skill and strength (Hackensmith, 1966). Barrow 
(1983) stated that " . . .  no nation before or after the Greeks has placed as much 
emphasis not only on intellect but also on physical perfection and achievement."
Two Greek physicians, Hippocrates (460?-377?BC) and Galen (130-200) 
contributed significantly to the role of physical activity in developing physical fitness. 
Hippocrates, regarded as the father of medicine, presented the idea of preventive 
medicine by stressing the importance of diet and lifestyle in influencing a person’s 
health (Hackensmith, 1966). In the treatise titled Preservation of Health, Galen 
advocated exercises which promoted muscle tone without violent movement, like rope 
climbing, and exercises which involved violent activity, such as jump roping 
(Hackensmith, 1966; Mechikoff & Estes, 1993).
The Ancient Greek ideals were renewed during the Renaissance. Emphasis 
was again on the development of the total individual, physically as well as intellectually 
(Barrow, 1983; Mechikoff & Estes, 1993). The Italian humanist Vittorino de Feltre 
(1378-1446) was an educator who believed in developing the body as well as the mind 
and soul, and De Feltre included physical training in his school’s educational program
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Barrow, 1983; Hackensmith. 1966; Mechikoff & Estes, 1993). As humans evolved 
socially and culturally, societies became more structured and the need for organized 
physical activity programs ensued. Children and youth desired physical activities for 
play, and militaries sought organized programs of physical training to defend 
themselves against their enemies.
The philosopher Jean Jacques Rousseau’s (1712-1778) views greatly 
impacted modem education. Rousseau promoted not only education for women, but 
also physical education forgiris, boys, women, and men (Barrow, 1983; Mechikoff & 
Estes, 1993). During the 18“  ^century physical training programs were developed by 
Germans Johann Basedow (1723-1770), Guts Muth (1759-1839), and Swiss 
educator Johann Pestalozzi (1746-1827) (Barrow, 1983; Mechikoff & Estes, 1993). 
By 1900 strongman Eugene Sandow was promoting systematic strength training in 
England (Chapman, 1994). Also during the 19“’ century physical training systems 
were included informal education programs. Eariy gymnastic training systems were 
developed and taught by Germany’s Friedrich Jahn (1778-1852) and Adolph Speiss 
(1810-1858), Sweden’s Per Henrick Ling (1776-1839), and Denmark’s Franz 
Nachtegall (1777-1847). These gymnastic training systems developed and 
maintained physical fitness, and influenced the early physical education programs in 
America (Barrow, 1983; Hackensmith, 1966; Johnson & Nelson, 1986).
History of Physical Fitness in America 
In America the importance of physical fitness has wavered over time. It is 
only during times of war and national emergencies that Americans have placed an 
emphasis on physical conditioning programs (Barrow, 1983; Safrit, 1990). By the
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time the emergency ends so, too, does the enthusiasm forachieving physical fitness. 
In addition, developing physical fitness has not been a primary objective of physical 
education in the United States (Barrow, 1983).
Native Americans’ daily life involved physical activity, and their recreational 
games included footraces, wrestling, archery and games using balls (Welch, 1996). 
Immigrants to the American Colonies during the 17““ and 18“’ centuries did not 
participate in any formal fitness training, with the exception o f the military 
(Hackensmith, 1966). Physical exertion came in the form of daily labor and 
recreational activities such as dancing or foot racing. Some of the early immigrants 
were forbidden to participate in “. . .  nonessential or frivolous pastimes, ’’ such as 
recreational activities, due to regulations adopted by various religious groups 
(Hackensmith, 1966).
In the late 18‘“ century public schools were established and a few offered 
formal exercise programs. By 1823 the Boston Monitorial School for Girls provided 
an exercise program for students which included raising and lowering weights. During 
the 19“’ century foreign systems of gymnastics, such as Jahn’s Turner system or 
Ling’s Swedish system, were introduced to American schools (Barrow, 1983; 
Hackensmith, 1966; Mechikoff & Estes, 1993; Spears, 1986). Other popular 
exercise formats included Catherine Beecher’s calisthenics, and Dio Lewis’s, Edward 
Hitchcock’s, and Dudley Sargent’s gymnastics. Physical educators advocated 
exercise for women, although 19“’ century female attire did not allow for vigorous 
movements (Mechikoff & Estes, 1993; Spears, 1986).
During the late 19“’ century advances in technology led to shorter work days. 
This increase in leisure time caused medical and educational leaders to admonish
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Americans for succumbing to a sedentary and easy way of life (Hackensmith, 1966). 
Over forty percent of men between the ages of 18 to 45 drafted during the Civil War 
were rejected due to physical disabilities and physicians believed that systematic 
exercise in the school and home would remedy the situation (Hackensmith, 1966).
In 1885, leaders in physical education founded the American Association for 
the Advancement of Physical Education (AAAPE), for the purpose of promoting 
physical fitness, sport, and physical education (Johnson & Nelson, 1986). In 1979, 
after many name changes, the AAAPE became known as the American Alliance for 
Health, Physical Education, Recreation, and Dance. Three of the leaders dedicated 
to furthering physical fitness were Drs. Edward Hitchcock (1828-1886), Dudley A. 
Sargent (1849-1924), and William G. Anderson (1860-1947). Due to the philosophy 
of other leaders, physical education in schools leaned towards sports and games, not 
fitness (Barrow, 1983; Johnson & Nelson, 1986). By 1900 the formal gymnastic 
programs were replaced with sports, team games, and recreational activities 
(Hackensmith, 1966; Johnson & Nelson, 1986).
In December 1917, the medical examiner reported on the physical condition 
of WWI draftees between the ages of 21 to 35 years. At least one million of the three 
million drafted were physically unfit for service. This information spurred concern 
regarding the physical fitness of Americans, but after the war ended interest again 
diminished (Hackensmith, 1966). During WWII an emphasis was again placed on 
physical conditioning programs in the military. Servicemen were given repeated test 
batteries to measure program effectiveness and individual progress. The test 
batteries included push-ups to measure arm and shoulder extension strength, pull-ups 
to measure arm flexor and shoulder strength, and sit-ups to measure abdominal
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strength. The results revealed that the average American male’s arm, shoulder girdle, 
and abdominal strength were weak in comparison to their leg strength (Hackensmith, 
1966).
During the early 1940s the United States developed a wartime physical fitness 
program guide in conjunction with the High School Victory Corps called Physical 
Fitness Through Physical Education for the Victory Corps. There was a definite 
trend toward giving priority to males, and little planning for coeducational programs. 
Coinciding with this national physical fitness program was a renewed interest in 
physical fitness test batteries. It became apparent that few valid tests existed for 
females. There were no national standards available for high school girls regarding 
physical fitness performance. This resulted in AAHPER appointing Eleanor Metheny 
to determine norms for girls (Metheny et al, 1943; Cassidy & Kozman, 1943).
In 1954 a group of physicians, physical educators and physiologists, 
interested in physical activity and its effects, founded the American College of Sports 
Medicine (Powers & Howley, 1997). Also during the mid fifties. Dr. Han Kraus and 
Ruth Hirschland published an article in the Journal of Health, Physical Education and 
Recreation describing the results of their study, titled Muscular Fitness and Health. 
The researchers had used the Kraus-Webertests, six items designed to measure the 
strength and flexibility of the trunk and leg muscles, developed earlier by Kraus and 
Sonya Weber. The test was administered to 4,000 American and 2,000 European 
schoolchildren. Results revealed that the European children performed much better 
than the American children, and it was concluded that American children lacked 
sufficient exercise (Siedentop, 1994; Welch, 1996).
The significance of these results prompted President Eisenhower to establish
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the President’s Council on Youth Fitness in 1956, later becoming the President’s 
Council on Physical Fitness and Sports (Barrow, 1983; Hackensmith, 1966; Johnson 
& Nelson,1986; Troester, 1957). This agency promoted and focused attention on the 
need for a national fitness program. This led to the development of the AAHPER 
Youth Fitness Test in 1957 (Hunsicker, 1957; Troester, 1957). There were seven 
tests in the battery including the pull-up for boys and the modified pull-up for girls. In 
the pilot study the test was administered nationwide to 8,500 boys and girls in grades 
5 -12. Results of the study indicated that American schoolchildren lacked sufficient 
arm and shoulder girdle strength due to the poor average score on the pull-up tests 
(Hunsicker, 1958). The AAHPER Youth Fitness test was revised in 1965,1975 and 
1976 (AAHPER, 1965; Hunsicker&Reiff, 1976). Educators have not agreed on one 
national physical fitness test battery for children but the Physical Best Test 
(AAHPERD, 1988) and FITNESSGRAM (Institute for Aerobic Research, 1987) are 
two batteries currently used.
Interest in aerobic exercise such as mnning and jogging, gained enormous 
popularity during the fitness movement that transpired in the late 1970s, due to an 
increased awareness of the relationship between heart disease and poor physical 
condition. The popularity of aerobics continued to thrive as it became known for its 
“fat buming” quality. Eventually a renewed interest in strength training emerged as 
fitness professionals began emphasizing total body fitness, and after research 
studies indicated that this type of training had a positive effect on increasing lean body 
mass and decreasing body fat (Butts, Brewster, Van Ossbee & Price, 1985; Kraemer, 
Deschenes, & Fleck, 1988). A new generation of men and women rediscovered 
weight training’s ability to increase muscle definition. Even though bodybuilding and
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strength training have a long history of being primarily a male activity, women were 
finally allowed in weight rooms that had previously been “for men only.”
Bodybuilders and weightlifters initially developed muscular strength and 
endurance using free weights, barbells, and calisthenics. As the interest in strength 
training grew, companies started manufacturing weight training equipment that isolated 
muscle groups and were adaptable for both men and women. Nautilus, Paramount, 
Universal and David were some of these earlier companies. Sport manufacturers 
continue to develop new and innovative strength training, cardiovascular, and 
combination equipment, for health clubs as well as for individual use.
Despite the increased awareness and interest in physical fitness, less than 
half of American get the recommended amount of exercise, according to the U.S. 
Department of Health and Human Services (1996).
Brief Overview of Muscular Strength and Endurance Measurement 
Muscular strength and endurance has been measured using tests that require 
little or no equipment, e.g. sit ups, pull-ups, and push-ups, orwith free weights e.g. the 
bench press, or with weight training equipment such as Universal or Nautilus 
machines. Also devices such as dynamometers and cable tensiometers measure 
isometric strength.
Regnier designed a spring dynamometer in 1807, and Kellogg developed a 
hydraulic universal dynamometer to measure the isometric strength of muscle groups 
during the 1880s (Bosco & Gustafson, 1983). In 1948 H. Harrison Clarke designed 
tests to measure isometric strength using a modified cable tensiometer (Clarke & 
Clarke, 1987).
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During the mid 19“^  century the field of anthropometry emerged comprising the 
measurement of the size and proportion of the human body. Mechikoff & Estes 
(1993) stated that “. . .  strength was seen as both a dynamic indicator of functional 
efficiency and a measurement of bodily integration and measuring strength became 
a part of anthropomorphic testing.” Physical educators, often medical doctors, 
prescribed exercises to modify the size of the body (Clarke & Clarke, 1987; Safrit,
1990).
Amoros (1770-1848) was one of the first educators to use strength testing 
apparatus, and knotted climbing ropes in his physical education program 
(Hackensmith, 1966). In 1861 Edward Hitchcock was the first person to develop a 
standard for age, weight, height, several upper body girths, and upper arm strength 
(Safrit, 1990). Dudley Sargent established standards for body size in 1878, initiated 
strength testing during the 1880s, and developed the Intercollegiate Strength Index in 
1897 (Bosco & Gustafson, 1983; Clarke & Clarke, 1987; Safrit, 1990).
Motor ability and physical efficiency tests became popular in the early 1900s. 
E.G. Martin devised a resistance strength test in 1915 (Johnson & Nelson, 1986)., 
and Frederick Rand Rogers revised the Strength Index in 1925, and also designed 
the Physical Fitness Index (Clarke & Clarke, 1987; Safrit, 1990). Charles H. McCloy 
also constructed a strength index in 1931 (Bosco & Gustafson, 1983). In 1928 
Edwin R. Ebel established that isometric exercises increased muscular strength, and 
research by Hettinger and Muller in 1953 confirmed Ebel’s findings (Johnson & 
Nelson, 1986).
Since the 1900s various types of test batteries: motor fitness, health-related 
fitness, and general motor ability tests have included measurements of muscular
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strength and endurance. Muscular strength refers to the maximal force that can be 
exerted by a muscle or muscle group against a resistance in a single contraction of 
restricted duration (Astrand & Rodahl, 1986). Muscular endurance is the ability of a 
muscle group to execute repeated contractions against a submaximal resistance 
(ACSM, 1991; Johnson and Nelson, 1986).
Clarke and Clarke (1987) stated that “. . . it is not correct to think of the 
number of pull-ups, push-ups, or sit-ups as tests of muscular strength. These are 
examples of muscular endurance, for they usually result in several repetitions.” 
Johnson & Nelson (1986) reported that chin-ups and dips, included in Sargents’, 
Rogers’, and McCloys strength indexes, were measurements of muscular endurance 
as well as muscular strength. Whereas Bosco & Gustafson (1983) mentioned that, 
in referring to the pull-up, “. . .  sufficient force in the form of isotonic strength must be 
available to overcome the body’s mass in the first execution. If subsequent 
executions are to be achieved, endurance of the muscles are now involved.” 
According to Clarke and Clarke (1987) “...  muscular endurance must assume some 
muscular strength.” Upper body muscular strength and endurance test items have 
included the military press, bar dips, flexed arm hang, push-ups, bench push-ups, 
kneeling push-ups, pull-ups, and variations of the pull-up (Bosco & Gustafson, 1983; 
Hunsicker, 1957; Kendall, 1965; Kirkendall, Gruber, & Johnson, 1987; Mathews, 
1978; Safrit, 1990).
Muscular Strength and Endurance Development 
Resistance Training, also known as strength training, improves muscular 
strength and endurance. ASCM Guidelines (1991) state that”. .. resistance may be
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applied to isotonically contracting muscles using free weights, supported weight 
machines, orcalisthenicexercises.” Performing high tension low repetition exercises 
develops muscular strength while performance of low tension high repetition exercise 
develops muscular endurance.
Muscular contractions produce tension and are classified as either static or 
dynamic. Static contractions are termed isometric and although considerable force 
is generated there are only minimal changes in length and no movement is exhibited. 
Dynamic contractions do involve a change in the length of the muscle fibers and 
invoke movement. Concentric and eccentric muscle actions are classified as 
dynamic. Concentric contractions cause muscle fibers to shorten and thicken while 
producing tension, whereas, eccentric contractions allowthe muscle fibers to lengthen 
while producing tension. Concentric and eccentric contractions occur when 
performing isotonic or isokinetic exercises. The resistance is constant throughout 
the range of motion during isotonic contractions while isokinetic exercises involve 
maximal contractions performed at a constant velocity (predetermined speed) 
throughout the range of motion (Heyward, 1998; McArdle, Katch & Katch, 1991; 
Zatsiorsky, 1995).
Several physiological adaptations occur with resistance training, namely, 
increased muscle mass due to an increase in muscle fiber size, increased bone 
density, increased storage capacity of anaerobic substrates, increase in fat free 
mass, decrease in neural inhibition, and increased ability to recruit and optimally 
stimulate muscle fibers (Kraemer et al., 1988; McArdle etal., 1991 ; Powers & Howley,
1997). Muscular strength development is affected by several factors including muscle 
dimension, muscle fiber type, neuromuscular efficiency, limb length - length of lever.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
joint structure - insertion point o f the muscle, and hormone levels (Astrand & Rodahl, 
1986; McArdle etal., 1991; Peterson & Bryant, 1991; Powers & Howley, 1997; Riley, 
1982; Zatsiorsky, 1995).
The energy sources required for short duration high intensity exercise include 
adenosine triphosphate (ATP), phosphocreatine(PC), and anaerobic glycolysis. The 
high energy phosphates, ATP and PC are the primary substances utilized in short 
duration high intensity activities lasting less than 10 seconds and anaerobic glycolysis 
fuels intense activities lasting from 10 seconds to one minute (McArdle etal., 1991 ; 
Powers & Howley, 1997). Strength training increases the resting levels of anaerobic 
substrates including ATP, PC, and glycogen, and also produces an increase in the 
amount and activity of anaerobic enzymes (McArdle et al., 1991).
Increase in muscle fiber size occurs as a result of resistance training. Initially, 
when beginning a strength training program, there is a 20 to 40% improvement during 
the first few weeks (Astrand & Rodahl, 1986). These improvements are due to neural 
adaptations occurring within the motor unit. Eventually, as the training continues the 
protein content of the muscle fiber increases, causing the cross sectional area of the 
muscle to increase leading to muscular hypertrophy. The larger the cross sectional 
area the greater the potential for strength development. (McArdle et al., 1991). 
According to Astrand & Rodahl (1986)“.. .the major determinant o f muscle strength, 
is the cross-sectional area of the muscle.”
Slow twitch (type I), also known as red muscle fibers, support activities 
involving continuous contraction of the muscle over an extended period of time. Fast 
twitch (white fibers / type II) contribute to activities involving short bursts of power. 
Fleck and Kraemer (1997) state “. . .  Type II fibers are better adapted to perform
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anaerobic work, whereas Type I fibers are better adapted to perform aerobic 
exercise.” The percentage of fast twitch to slow twitch fibers differ from muscle to 
muscle. The greaterthe percentage of fast twitch fibers, the greaterthe opportunity 
to increase muscle hypertrophy and strength (Fleck & Kraemer, 1997; Peterson & 
Bryant, 1991; Riley, 1982).
The ability to innervate and recruit muscle fibers refers to neuromuscular 
efficiency. Briefly, skeletal muscle is made up of individual fibers and is manipulated 
by electrical stimulation either directly, or by way of the motor neurons. The functional 
segment within muscle is the motorunitand consists of a single motor neuron and all 
the muscle fibers it innervates (Astrand & Rodahl, 1986). Each individual fiber 
contracts totally or not at all. The greater the resistance, the more muscle fibers 
contract in order to overcome the stimuli.
Neuromuscular efficiency involves Intramuscular and Intermuscular 
Coordination (Zatsiorsky, 1995). Intramuscular Coordination includes recruitment, 
rate coding, and synchronization of the motor units. Recruitment refers to the number 
of motor units activated during a given contraction. Motor units with a low twitch force 
(firing threshold) are recruited first, and those with a high threshold are recruited last 
(Fleck & Kraemer, 1997; Powers & Howley, 1997). Type I fibers typically have a low 
threshold while Type II muscle fibers have a high threshold. Type II fibers are 
recruited as the demands for force production increases. Fleck & Kraemer (1997). 
state “. . .  motor units are recruited in order from low to high recruitment thresholds 
and so from low to high force output.”
Rate coding describes the rate of frequency of motor unit activation. The 
frequency of discharge varies depending on the amount of force or power needed.
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As more force is required, the rate of firing increases. Strength is affected by the 
number of motor units activated followed by the frequency of contractions. Zatsiorsky 
(1995) states that “. . .  normally, motor units work asynchronously to produce a 
smooth, accurate movement, however, motor units are activated synchronously 
during maximal voluntary efforts.” Resistance training leads to an improved 
recruitment of motor units, and improved synchronization of motor unit firing (Powers 
& Howley, 1997; Fleck & Kraemer, 1997; Zatsiorsky, 1995).
Intermuscular Coordination refers to the entire coordination pattem of a 
complete exercise movement. This type of coordination involves several muscle 
groups as opposed to a single muscle or joint. According to Zatsiorsky (1995), “. . .  
the entire movement pattem rather than the strength of individual muscles or single 
joint movements should be the primary training objective for generating maximal 
muscular fo rce .”
The bones of the body serve as levers. Peterson & Bryant (1991) state that 
“. . . the length of the exerciser’s limbs (levers) directly affect the biomechanical 
advantage or disadvantage the exerciser meets in performing a specific exercise.” 
In addition, the insertion point of the muscle affects strength development. The origin 
of the muscle is the point of attachment to the less movable lever and usually does not 
differ from person to person. The insertion is the point of attachment to the more 
movable lever and does differper individual. Minute differences in the insertion point 
can affect strength capability. The farther the distance of the muscle insertion to the 
fulcrum point the greaterthe mechanical advantage for force production, although 
velocity of movement is reduced (Peterson & Bryant, 1991; Thomas, 1986; 
Thompson, 1989).
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The hormone testosterone stimulates the development of lean muscle mass. 
Along with testosterone, somatotropin and somatomedins are also necessary 
anabolic hormones (Zatsiorsky, 1995). Males typically possess 20 to 30 times the 
testosterone level of females, resulting in the males ability to produce greater 
muscular hypertrophy (McArdle et al., 1991). Females typically produce estrogen 
which increases fat production, however, females are capable of developing a 
substantial increase in strength without adding bulk (Peterson & Bryant, 1991 ; Wolf, 
1983).
Strength in relation to lean body mass or body weight is termed relative 
strength, while total force exerted is absolute strength. When comparing absolute 
strength males are stronger than females, especially when considering the upper 
body. Morrow & Hosier (1981) determined that trained females had 50% the upper 
body strength as untrained males, and 71 % the leg strength. Heyward, Johannes-Ellis 
& Romer (1986) found similar results in physically active individuals, with females 
having 54% of the upper body strength, and 68% leg strength, of males. In addition, 
Astrand and Rodahl (1986) indicate that females have 50% elbow flexion and 
extension strength, 60 to 70% trunk strength, and 65 to 75% leg strength, of males. 
The differences between males and females lessens when relative strength is 
observed. McArdle etal. (1991) state, regarding relative force production, that there 
is little difference between males and females, and that regardless of gender “. . .  
skeletal muscle can generate approximately 3 to 8 kg of force per cm^ of muscle 
cross section."
Contraindications to strength training involve isometric and or slow dynamic 
contractions. These types of contractions are associated with relatively high blood
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pressure and heart rate and they put an extra load on the cardiovascular system. 
This type of strength training is hazardous for persons with cardiovascular disease 
(Astrand & Rodahl, 1986).
Principles of Training
Several principles apply to muscular strength and endurance training including 
the Overload Principle, Specificity of Training, Individual Differences, and 
Reversibility. The Overload Principle states that muscles must be repeatedly 
stressed above normal levels for adaptations to occur. As the muscles adapt, the 
amount of overload must be gradually increased for improvement to persist. This is 
achieved by manipulating factors such as intensity, duration and frequency (Astrand 
& Rodahl, 1986; Fahey, 1989; Fox, 1988; Fox, Bowers & Foss, 1988; Peterson & 
Bryant, 1992; Zatsiorsky, 1995). Although high muscular tension is important for 
developing strength the tension does not need to be maximal. Optimal gains occur 
when performing at 80% to 85% of maximum (Astrand & Rodahl, 1986; Heyward,
1998).
The strength of a particular muscle group is often measured by one repetition 
maximum (Astrand & Rodahl, 1986; Fox etal., 1988; Hoeger, 1989; McArdle etal.,
1991). Repetition in dynamic weight training signifies moving a resistance through a 
complete range of motion. The term 1RM is the maximal amount of resistance that 
can be lifted in a single trial. A set refers to the number of repetitions completed for 
a given series (Fox et al., 1988; Hoeger, 1989). A set of 5RM indicates you can lift 
the amount of resistance five times before reaching muscle failure.
To improve strength and endurance, repetitions in each set should be
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performed to exhaustion (Hoeger, 1989; Thomas, 1986). When muscular strength 
is the objective, low repetitions at high resistance is recommended. For muscular 
endurance, repetitions are increased and resistance is decreased (Fox, 1988; Fox 
etal., 1988; Hoeger, 1989). There appears to be no single recommendation as to 
the optimal number of sets and repetitions required to improve both strength and 
endurance concurrently, or separately (Fox etal., 1988). Instead there is a range of 
sets and repetitions recommended for improvement.
Astrand & Rodahl (1986) state that 5RM to 6RM is more effective than 2RM 
or 10RM in developing strength. A study by Anderson and Keamey (1982) show 
maximal strength gains, after nine weeks of training, with three sets of 6RM to 8RM. 
This workload also demonstrated improvement in muscular endurance. Fox (1988) 
recommends one to three sets of between 2RM to 10RM for strength improvement. 
Hoeger (1989) suggests three to ten repetitions per set at 80% of 1 RM for strength 
gains, and more than ten repetitions at less than 80% of 1 RM if working both strength 
and endurance concurrently. The optimal number of sets and reps for strength 
improvement according to McArdle etal. (1991), is two orthree sets of 3RM to 9RM 
at 60 to 80% of 1 RM. Thomas (1986) recommends three sets of 4RM to 8RM at 70 
to 85% of 1RM, and at least fifty repetitions for endurance gains at 25 to 50% of 
1 RM. Thomas also states that training two to three sets o f 12 to 20 repetitions works 
primarily strength, not endurance. Westcott, Greenberger & Milius (1989) found no 
significant differences, when training on the Stairmaster Gravitron 8000, between 
one, two, orthree sets, orwith 5,10, or 15 repetitions, although all variations showed 
improvement in pull-up and bar dips performed.
The rest period needed between sets depends on the intensity of the
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exercise. It appears to be generally accepted that when heavierweights are lifted the 
rest period between sets can be several minutes (Powers & Howley, 1997). When 
lighter weights are used then the rest period is often only thirty seconds (Hoeger, 
1989; McArdle etal., 1991; Thomas, 1986). A twenty-four to 48 hour rest is usually 
required between training sessions to allowthe muscles adequate recovery. Higher 
intensity training requires the full forty-eight hours recovery time (Astrand & Rodahl, 
1986; Fox etal., 1988; Thomas, 1986). Specific strength training programs should 
last a minimum of six weeks for improvement to occur (Fox, 1988).
The Individual Differences Principle refers to the varying responses of 
individuals performing the same exercise regimen (Astrand & Rodahl, 1986; Fahey, 
1989; McArdle etal., 1991; Zatsiorsky, 1995). In referring to a study performed by 
Kraemer et al. (1988), Powers & Howley (1997) stated that “. . . large individual 
differences exist in the response to strength training programs, and the percent gain 
in strength in inversely related to the initial strength.” Individuals begin training 
programs at various levels of fitness with diverse goals and desires. Optimal training 
loads vary from one individual to the next, as well as the rate and magnitude of 
improvement. Also, psychological rather than physiological factors determine the 
limits of performance (Astrand & Rodahl, 1986).
The Reversibility Principle describes the deconditioning process occurring 
after training has ceased. Fleck & Kraemer (1997) state that “. . . the strength 
decrease during short periods of detraining will result in a strength level after 
detraining that is still greater than pretrained levels.” The loss of muscular strength 
varies in magnitude per situation. Fleck & Kraemer (1997) further state “. . .  the rate 
of strength loss may depend in part on the length of the training period prior to
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detraining, the type of strength test used, and the specific muscle group exhausted.” 
According to McArdle et al. (1991) there is a measurable reduction in working 
capacity after two weeks of detraining, and many of the improvements achieved 
during training are lost after several months. Training at a lesser intensity can help 
maintain strength level (Powers & Howley, 1997). The ACSM recommends one set 
of 8 to 12 repetitions of between 8 to 12 exercises performed at a moderate intensity 
a minimum of twice per week to maintain muscle mass (ACSM, 1990).
The Specificity Principle indicates that the adaptations occurring in muscle are 
specific to the muscle fibers involved in the activity, and specific to the type of activity. 
There is a particular nervous circuit for every single muscle activity and movement 
(Astrand & Rodahl, 1986). Strength gains from resistance training are initially the 
result of modifications in the impulses from the CNS, followed by adaptations in the 
muscle tissue. McArdle etal. (1991) state that”. .. specific exercise elicits specific 
adaptations creating specific training effects.” The pattem of movement during 
strength training should mimic the demands of the desired performance (activity to be 
tested) since the effects of training correlate to the practiced activity (Astrand & 
Rodahl, 1986;Zatsiorky, 1995). According to Fleck & Kraemer (1997) “...specificity 
assumes that the muscles must be trained similarly to the sport or activity in terms of; 
the joint around which movement occurs, the joint’s range of motion, the pattem of 
resistance throughout the range of motion, and the types of limb movement.” Training 
programs should be designed to maximize the potential for improvement, therefore, 
the mechanism of training should be similar to the method of testing.
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Kinesiology of the Pull-Up 
The pull-up exercise involves three major muscle groups; the elbow flexors, 
shoulder extensors, and shoulder adductors. The elbow flexor group includes the 
brachialis, brachioradialis, biceps brachii, and pronatorteres. The shoulder extensor 
group Includes the latissimus dorsi, teres major, infraspinatus, and posterior deltoid 
and the shoulder adductors include the trapezius and rhomboids (Ricci, Figura, Felici 
& Marchetti, 1988; Thompson. 1989; StairMaster, 1993). A study comparing male 
and female functional capacity in pull-ups also identified the pectoralis major (shoulder 
extensor) as a primary muscle activated during the movement (Ricci et al., 1988; 
Thompson, 1989). Researchers also stated that the shoulder joint is weak 
structurally for both gender, and no sex differences were detected in the 
electromagnetic and biomechanical aspects of performance (Ricci et al., 1988).
Antinori, Felici, Figura, Marchetti & Ricci (1988) performed a bioenergetic 
assessment of the pull-up, measuring muscular moments at several different joint 
angles. Muscular moment equals the moment of inertia, plus the gravity moment, plus 
the moment of reaction force. The researchers found that the shoulderjoint muscular 
moments accounted for 80% of the maximum work and the “. . . shoulder girdle 
moments necessary to effect the pull-up represented 50% of the maximum” (Antinori 
et al., 1988). The work contribution of the shoulder musculature was four times 
greater than that of the elbow joint musculature.
Antinori etal. (1988) found the limiting factorto be the muscular activity which 
extends the shoulder during the upward phase. It was also determined that the 
forward grip (palms away) was more difficult than the reverse grip, and the forward 
grip also caused more posteriordisplacementof the shoulderjoint. The researchers
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stated that . .  great muscle mass is required to contract isometrically in order to 
maintain the body’s center of gravity vertically aligned with the selected grasp on the 
horizontal bar.”
To perform the pull-up exercise the individual grips a horizontal barwith both 
hands shoulder width apart, palms facing forward. The bar is high enough off the 
ground so that the individual can hang freely without the feet touching the ground. The 
individual pulls the body upward, until the chin is above the bar. The body is then 
lowered to the starting position. The exercise is repeated as many times as possible 
(Hoeger, 1989).
Kinesiology of the Bar Dip
The major muscles involved in the performance of the bar dip exercise are the 
elbow extensors and shoulder flexors. The elbow extensors include the triceps 
brachii and anconeus muscles, and the shoulder flexors include the anterior deltoid 
and pectoralis major. The pectoralis minor (shoulder abductor) also is involved in the 
movement (StairMaster, 1993).
The starting position of the bar dip involves grasping two parallel bars 
(shoulderwidth apart), located at each side of the body. The individual extends the 
arms downward with the upper body, hips and thighs, held erect. The individual lowers 
the body downward until the angle of the elbow joint has decreased to 90°. The body 
is then lifted upward by extending the arms back to the starting position. This action 
is repeated as many times as possible.
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Test Batteries and Training Studies 
Physical fitness test batteries and Physical Ability Tests often include a 
measurementofupperbodystrength and endurance. Populartest items include the 
standard pull-up, modified pull-up, flexed arm hang, and push-up (Bender & Shea, 
1964; Bosco & Gustafson, 1983; Kendall, 1965; Safrit, 1990). Females have 
demonstrated difficulty in meeting the criterion referenced health (CRH) standard 
regarding the pull-up exercise. It is important to note that the standard for males 
increases with age, whereas for females, the standard either decreases or remains 
the same with increasing age.
According to the FITNESSGRAM test battery, the health-referenced 
standards for 18 to 30 year old college students is five pull-ups for males and one pull- 
up for females (lAR, 1987). Corbin and Pangrazi (1992) compiled data from the 
AAHPERD Physical Best and FITNESSGRAM Test Batteries and found that only 
28.8 to 41.8% of girls, aged 6 to 18 years, met the CRH standard for pull-ups. The 
standard for females is one pull-up across all ages (5 -18  yrs), and the standard for 
males increases from one pull-up at age 5, to five pull-ups by age 15 (AAHPERD, 
1988; lAR, 1987). Looney and Plowman (1990) determined that 73% of boys and 
only 32% of girls, aged 6 to 18, passed the FITNESSGRAM criterion referenced 
physical fitness standards on the pull-up test. Results also indicated that the pull-up 
was the least passed test item.
The Presidential Physical Fitness Award standards (1987) are two pull-ups for 
girls age 6, increasing to three pull-ups by age 10, then decreases to one pull-up at 
age 16. The standard for boys is two pull-ups at age 6, increasing to 13 pull-ups by 
age 17. According to the National Children and Youth Fitness Study several males
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underage 14 were unable to execute even one pull-up while numerous repetitions 
were performed by males aged 16 and older. This same study indicated that60% of 
the females could not execute a single pull-up whether age 10 or 18 (Ross & Gilbert, 
1985).
Strength tests are designed to discriminate between the participants. 
However, since pull-ups are extremely difficultto perform, (many females are unable 
to perform even one pull-up), comparisons cannot be made between individuals. 
Altemate methods of assessing upper body strength, as well as variations of the 
standard pull-up, have been used in test batteries to avoid the zero scores. Several 
variations of the pull-up include straddle chins, modified pull-ups with palms fonward 
(pronated), modified pull-ups with palms backward (supinated), and the flexed arm 
hang (Bosco & Gustafson, 1983; Pate, Ross, Baumgartner & Sparks, 1987; Pate, 
Burgess, Woods, Ross & Baumgartner, 1993; Corbin & Pangrazi, 1992). When the 
National Children and Youth Fitness Study II replaced the pull-up with the modified 
pull-up, females aged 6 to 9 years, performed almost as many repetitions as the 
males of the same age (Ross & Gilbert, 1985; Ross& Pate, 1987).
The Prudential FITNESSGRAM test battery recommends the 90° push-up as 
the measurement of upper arm and shouldergirdle strength and endurance (Plowman 
& Corbin, 1995). This is due to the minimal amount of zero scores, although the pull- 
up, modified pull-up, and flexed arm hang are optional test items (CIAR, 1992). 
Cotten (1990) performed an analysis of the modified pull-up test in the National 
Children and Youth Fitness Study II and recommends the modified pull-up, as opposed 
to the pull-up or flexed arm hang, to avoid the zero scores.
Rutherford and Corbin (1994) conducted a study with college females.
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incorporating a 12 week upper body strength training program, to validate selected 
tests such as the pull-up and flexed arm hang. The training regimen included the 
seated chest press, seated bicep curl, and the lat pull-down. The results did not show 
any significant improvement in the performance of pull-ups. The trained group 
increased their ability to execute the pull-up exercise from zero to one-half. The one- 
half pull-up score signified the subject’s ability to lift the body upward until the elbow 
joint shortened to 90° or less, without completing a full pull-up. Twenty-six of the 46 
trained subjects were unable to perform one pull-up after completing the training 
program.
Hasson et al. (1990) gathered normative data on males and females 
performance of pull-ups and bar dips on the Gravitron 8000. The researchers found 
that females performed significantly less pull-ups and bar dips than the males at every 
percentage (25%, 50%, and 75%) of body weight. In a 10 week training study 
involving the Gravitron 8000, female police officers improved their performance of the 
pull-up exercise, from 1.3 to 3.7 (Bergman, 1993). Westcott etal. (1989) conducted 
a 10 week training study involving one, two, orthree sets of lift-assisted pull-ups and 
lift-assisted bar dips. Results showed an improvement of x 3.8 to x 5.3 pull-ups and 
bar dips, combined.
Cotten and Marwitz (1971) conducted a study comparing the validity of the 
pull-up and flexed arm hang with a modified flexed arm-hang. Subjects included 14 
female undergraduate college students. The volunteers completed 1.5 pull-ups with 
a range from .25 to 7, and 18.5 seconds on the flexed arm hang with a range of 5 to 
38 seconds.
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Summary
Physical fitness has long been a concern throughout history. In America 
physical education has typically stressed sports and games at the expense of fitness. 
(Barrow, 1983) The results of the Kraus-Weber tests stirred national concern 
regarding the fitness level of schoolchildren. This concern led to the establishment 
of the President’s Council on Youth Fitness and the development o f the AAHPER 
Youth Fitness Test in the 1950s (Welch, 1996). During the 1970s fitness boom 
health related fitness become popular and test batteries began to reflect this shift 
(Falls, 1980). Health related fitness encompasses cardiovascular function, body 
composition, muscular strength and endurance, and flexibility (ACSM, 1991 ; Hoeger, 
1989).
Muscular strength is a component of both performance related and health- 
related fitness and strength testing dates back to the 19'  ^ century (Bosco & 
Gustafson, 1983; Clarke & Clarke, 1987; Mechikoff & Estes, 1993; Safrit, 1990). 
Maintenance of muscular strength is necessary forindependent living. Ross & Pate 
(1987) state that”. .. upper body strength indicates an individual’s ability to perform 
certain functional tasks required in day-to-day living without undue exertion or risk of 
injury.”
Physical fitness test batteries usually include some component of muscular 
strength and endurance. Upper body strength and endurance measurements have 
included pull-ups, bar dips, push-ups, modified pull-ups, the flexed arm hang, and the 
bench press (Bosco & Gustafson, 1983; Hunsicker, 1957; Kirkendall etal., 1987; 
Mathews, 1978; Safrit, 1990). Research has shown pull-ups to be difficultforfemales 
(women and children) to perform. The high amount of zero scores obtained make it
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difficult to discriminate among subjects (Corbin & Pangrazi, 1992; Folsom-Meek, 
Herauf & Adams, 1992; Kendall, 1965; Looney & Plowman, 1990; Rutherford & 
Corbin, 1994).
Resistance training builds muscular strength and endurance. Physiological 
adaptations include hypertrophy of muscle fibers which increases the cross sectional 
area of the muscle; increased anaerobic substrates, increased activity of anaerobic 
enzymes; and improved neuromuscularefficiency (Kraemeretal., 1988; McArdle et 
al., 1991; Powers & Howley, 1997). Several factors affect muscular development 
such as muscle fiber type, cross sectional area of the muscle, length of lever, 
insertion point of the muscle, and hormone levels (Astrand & Rodahl, 1986; McArdle 
etal., 1991; Powers & Howley, 1997; Zatsiorsky, 1995). Principles o f training include 
the Overload Principle, Specificity Principle, Individual Differences and the 
Reversibility Principle (Astrand & Rodahl, 1986; McArdle et al., 1991; Powers & 
Howley, 1997).
Females may be required to perform multiple pull-up repetitions on physical 
ability tests. There is a need for an effective training method for the purpose of 
performing multiple pull-ups. With lift-assisted training, the movement performed 
during training simulates the movement to be tested. Due to the principle of 
specificity, lift-assisted training could be an effective method of training for the 
purpose of performing the pull-up exercise.
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CHAPTER 3 
METHODS
This study determined the effectiveness of lift-assisted training in developing 
upper body strength in females, as measured by pull-ups and bar dips, and 
supplemented by flexed arm hang, modified pull-up and push-up measurements. In 
addition, three methods of lift-assisted training were compared, and the rate of 
improvement among groups was determined.
The study lasted 15 weeks. The first two weeks were used for initial testing 
and familiarizing subjects with the training equipment. The lift-assisted training 
program lasted 12 weeks. Post training measurements were collected during the final 
(15^) week. An orientation meeting was held priorto the start of the project to explain 
the study and testing regimen, and to answerquestions. The study was approved by 
the University Institutional Review Board to ensure the safety of the volunteers. At 
the conclusion of the orientation meeting subjects read and signed the consent form 
(see Appendix A).
Subjects
Subjects were 21 apparently healthy female college students between the 
ages of 19 to 44 (mean age = 25.12 ± 7.42). Seventeen of the 21 subjects 
volunteering for the study completed the training. Four subjects dropped out due to
34
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scheduling problems. Subjects were recruited by posting flyers in the University 
Student Union, dormitories, and women’s lockerroom, and through announcements 
made to undergraduate classes.
The physical activity of subjects ranged from sedentary to very active. 
Sedentary subjects were asked not to start another exercise program or diet for the 
duration of the study. Subjects who had been exercising regularly were asked to 
continue exercising, but not to exercise the upper body, except as performed in the 
study, and also, not to alter diet. Descriptive characteristics including age, height, 
weight, resting heart rate, blood pressure, and skinfolds were collected from the 
subjects (see Appendix C).
Training Protocol
At the completion of the preliminary tests, subjects were randomly assigned 
to one of three training groups. The training groups included a combined pull-up and 
bar dip group (Group I), a pull-up only group (Group II), and a bar dip only group 
(Group III). Group I performed three sets of 6 to 12 repetitions of assisted pull-ups, 
and three sets of 6 to 12 repetitions of assisted bar dips; Group II performed three 
sets of 6 to 12 repetitions of assisted pull-ups; and Group III performed three sets of 
6 to 12 repetitions of assisted bar dips.
Each group trained three days per week for 12 weeks. To demonstrate the 
changes in strength the execution of unassisted pull-ups (PU) and bar dips (BD) were 
measured atO, 4,8 and 12 weeks training. Supplemental measurements included 
the flexed arm hang, modified pull-ups and straight legged push-ups. These three 
tests were measured during the initial testing and during final testing.
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Apparatus
The lift-assisted machine used in this study (StairMaster Gravitron 2000) had 
a weight stack that featured a linear tracking mechanism which allowed the individual 
to replicate the exact movement of unassisted PUs or BDs while lifting and lowering 
only a portion of their actual body weight. The amount (lbs) of lift assistance varied 
depending on the needs of the individual. See Figures 1-3.
Procedures
All testing was performed in the exercise physiology laboratory. Subjects were 
instructed to wear comfortable, non-restraining exercise clothing. Measurements 
were recorded on the subject's information form (see Appendix B & C). The initial 
testing required two sessions. During the first session the following measurements 
were taken;
1. Resting heart rate and blood pressure
2. Height and weight
3. Skinfolds (triceps, abdomen, ilium, thigh, midaxillary, scapula and
chest).
4. Unassisted Pull-Ups
5. Unassisted Bar Dips
Also, during the first session the amount of lift assistance initially needed to 
perform between 6 to 12 pull-up repetitions, and 6 to 12 bar dip repetitions, was 
determined by trial and error. During the second testing session the following 
measurements were taken to assess upper body strength;
1. Flexed arm hang




After the 12 week experimental period, unassisted PUs, BDs, flexed arm 
hang, modified pull-ups and push-ups were again performed in exactly the same order 
and method as during the initial testing. Unassisted PUs and BDs were also 
measured at the end of four and eight weeks of training.
Resting Heart Rate and Blood Pressure
Heart rate and blood pressure were measured to indicate subject’s general 
health. Blood pressure was taken according to the American Heart Association’s 
standards. The subject sat in a straight backed chair with both feet on the floor, left 
arm resting on table with the cuff at heart level. Using the Infrasonde Model D4000, 
heart rate and blood pressure were measured and recorded.
Height and Weight
Height was recorded in inches with a stadiometer as the subject stood as tall 
as possible. Weight was measured to the nearest 1/4 lb on a calibrated physicians 
spring scale (Healthometer).
Skinfolds
Seven skinfold sites were measured using Lange skinfold calipers according 
to the procedure described by Golding et al. (1989). The seven sites were the 
abdomen, ilium, triceps, thigh, midaxilla, chest, and scapula. Percent body fat was 
determined from the abdomen, ilium, triceps, and thigh measurements using the








Figure 1. Side view of lift-assist apparatus.
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Figure 2. Front view of lift-assist apparatus.








Figure 3. Side view, starting position for LA bar dip.
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Jackson Pollock (1985) sum of four body fat table. Seven sites were taken to 
complete a body fat assessment for the subject, as this was motivation for some 
subjects to volunteer for the study. The location of each skinfold measurement 
follows:
Abdomen: a vertical fold approximately one inch to the right of the umbilicus; 
Ilium: a diagonal fold just above the crest of the ilium; Triceps: a vertical fold 
on the back of the upper arm, midway between the shoulder and elbow joint; 
Thigh: a vertical fold on the front of the thigh, midway between groin line and 
top of patella; Midaxilla: a vertical fold on the mid-axillary line at nipple level; 
Chest a diagonal fold on the pectoral line midway between the axillary fold and 
the nipple; Scapula: a diagonal fold just below the inferior angle of the scapula 
(Golding, Myers & Sinning, 1989).
Pull-up
The subject grasped the center portions of the right and left pull-up bars of the 
Gravitron with an overhand grip (thumbs under), and hung from the bars with arms fully 
extended, knees slightly flexed, and feet not touching the floor. The subject then 
performed a pull-up, raising the body upward until the chin was positioned over the 
bar, and then returned downward to a full hang. This was repeated as many times as 
possible. If the body were raised so that the angle of the elbow was less than 90° 
(chin within two inches of the PU bar), 0.75 was recorded as the score. If the subject 
raised the body upward to a 90° angle at the elbow joint, a score of 0.5 was recorded. 
The subject rested for 10 minutes before performing the bar dip exercise. See 
Figures 4-6.
























Figure 4, Starting position for 
the standard pull-up,
Figure 5. During upward phase 
of pull-up (90 'angle at 
elbow joint)
Figure 6. Up position of pull-up, 
with chin above bar.
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B ar D ip
The subject assumed the starting position for a bar dip, which was with the 
elbows extended and the arms next to the sides, gripping the bars with an overhand 
grip. The arms and hands supported the body weight, with knees slightly flexed, 
ankles crossed, and feet off the floor. The subject lowered the body, flexing the 
elbows and hyperextending the arm, until the upper arm was parallel to the dip bars. 
The subject then lifted the body upward, returning to the starting position. The subject 
performed as many BDs as possible. Each complete BD was given a score of 1. If 
the subject lowered the body, as above, then began the upward phase, but was unable 
to return to the starting position, a score of 0.5 was recorded. See Figures 7-9.
Determining the Initial Amount of Lift-Assistance (LA)
The initial amount of training assistance was determined by trial and error. 
Subject was given approximately 50% of their body weight as lift-assistance during the 
first trial. Subject performed as many repetitions as possible. If subject performed 
between 6  to 1 2  repetitions, then this amount of weight assistance became their initial 
training load. If the subject performed 13 or more repetitions then the weight 
assistance was decreased by 1 0  lbs, and after resting the subject again performed 
as many repetitions as possible. Conversely, if the subject performed five or less 
repetitions then the LA was increased by 10 lbs, and after resting the subject 
performed another set of repetitions. This procedure continued until the subject 
performed between 6  to 12 repetitions per set. The same procedure was followed to 
determine the initial LA for the BD exercise. These methods took approximately two 
trials per subject, per exercise.
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Flexed Arm Hang
Subject grasped the pull-up bars of the Gravitron and held chin over the bar 
with the assistance of a spotter. The testor started the stopwatch as soon as the 
spotter released the subject. The subject held the position as long as possible, and 
time was stopped as soon as the subject’s chin fell below the bar. The score was the 
number of seconds the subject held the up position. See Figures 10-11.
Modified Pull-Up
The subject laid on her back with her shoulders directly below a barwhich was 
set two to three inches beyond the subject's reach. A string was stretched seven 
inches below the bar, parallel to the bar. To assume the starting position the subject 
reached for the bar with an overhand grip, keeping the body in alignment, with trunk 
and legs straight and heels in contact with the floor. The body was lifted upward by 
flexing the elbows and extending the shoulders until chin met the string, then the body 
was lowered back to the starting position. The subject performed as many repetitions 
as possible. The number of repetitions completed was recorded as the score. See 
Figures 12-13.
Push-up
The subject assumed the starting position for a straight legged push-up; lying 
prone with legs and feet straight and together, toes against the floor, hands under the 
shoulders, fingers pointed forward with elbows flexed and arms hyperextended. From 
the starting position the subject extended the elbows and flexed the arm pushing the 
body upward. The subject then lowered the body back to the starting position
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Figure 12. Modified pull-up during upward phase.
Figure 13. Modified pull-up. up position.
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completing one repetition. The subject continued to perform as many repetitions as 
possible, and the numbercompleted was recorded as the score. See Figures 14-15.
Experimental Period
After completing the initial testing, the 21 subjects were randomly assigned to 
one of the three experimental groups: seven to Group I (combined PU/BD), seven to 
Group II (PU only), and seven to Group III (BD only). Group I (combined PU/BD) 
performed three sets of 6  to 12 repetitions of LA PUs and three sets of 6  to 12 
repetitions of LA BDs. Group II (PU only) performed three sets of 6  to 12 repetitions 
of the LA PUs, and Group III (BD only) completed three sets of 6  to 12 repetitions of 
the A  BDs.
Each subject performing the LA PU stepped onto the strength machine’s 
assistance steps, and grasped the pull-up bars with an overhand grip, wrapping 
thumbs underthe bar. The subject then knelt on the kneeling pad, and with arms fully 
extended (above the head), assumed the starting position forthe LA PU. The subject, 
using the arms, raised the body upward until the chin was positioned over the bar. 
The subject then lowered the body back to the starting position by extending the arms. 
The subject repeated the upward and downward motion, completing as many 
repetitions as possible. The subject then completed the second and third set. See 
Figures 16-18.
Each subject performing the A  BD stepped onto the assistance steps, 
grasped the dip bars with arms fully extended downward next to the sides, and, lifting 
feet off the steps, knelt on the kneeling pad. From this starting position the subject 
lowered the body by flexing and hyperextending the arms until the upper arms were




Figure 14. Starting position for push-up.
Figure 15. Push-up exercise during upward phase, 
with arms extended.





























Figure 16. Starting position for 
the lift-assisted pull- 
up
Figure 17. Upward phase of lift- 
assisted pull-up




parallel to the dip bars. The subject then lifted the body by extending the arms, 
returning to the starting position. The subjects performed as many repetitions as 
possible, giving a maximal effort. The subjects then completed the second and third 
sets. The subjects in the PU/BD group altemated one set of A  PUs with one set of 
A  BDs, until a total of six sets were completed. See Figures 19-21.
The subjects were instructed to keep the body (trunk and hips) aligned during 
the exercise movements. The subjects performed the PU and BD exercises at a 
moderate rate of speed: one to two seconds during the positive, concentric phase, 
and two to four seconds during the negative, eccentric phase. The exercises were 
performed in a controlled manner through a full range of motion, until muscle failure 
occurred. The rest period between sets lasted a minimum of one minute and a 
maximum of five minutes.
Training was performed on three non-consecutive days perweek. A workout 
calendar was posted listing each participant’s training schedule. When the subject 
completed three sets of 12 or more repetitions, of the PU or the BD exercise, the 
amount of lift assistance was decreased by 10 lb increments. The training period 
lasted approximately 15 minutes for Group I (PU/BD), and less than 10 minutes for 
Group II (PU) and Group III (BD). Subjects unable to complete the required 
training demands (minimum two days perweek), due to scheduling conflicts were 
dropped from the study.
Statistical Design
Participants were randomly assigned to one of three groups, and each group 
performed a specific training protocol for a period o f 1 2  weeks. Subjects performed































Figure 19. S tarting position for 
ttie lift-assisted bar 
dip
Figure 20 Lowering phase of lift- 
assisted bar dip




the pull-up and bar dip tests at 0, 4, 8  and 12 weeks training. A two factor factorial 
analysis of variance (ANOVA) with repeated measures on the second factor was 
used for statistical purposes. This design allowed forthe analysis of two independent 
variables on one dependent variable. This design also analyzed the combined effects 
(interaction) of the two independent variables. Specifically, a 3 x 4 repeated 
measures factorial ANOVA was used to identify differences between groups, at each 
time period, and the rate of change over time.
The three training protocols (method of training) served as one of the 
independent variables (group) and was listed as Factor A in the 3 x 4  ANOVA. The 
time of training was the second independent variable (time)and was listed as Factor 
B (see Appendix D). Two separate statistical analyses were perfonmed. The number 
of pull-ups completed was the dependent variable in the first analysis. The number 
of bar dips performed was the dependent variable in the second analysis.
In addition, subjects performed the flexed arm hang, modified pull-up and push­
up exercises during the initial testing and final testing. The two-way analysis of 
variance (ANOVA) was the statistical procedure used to analyze these three tests. 
The 3x2  Factorial ANOVA examined the effect of the two independent variables on 
one dependent variable. This analysis also determined if there were significant 
interaction or significant main effects. This design was similar to the 3 x 4  ANOVA 
used for the pull-up and bar dip tests, except that there were only two time periods 
(initial and final).
The three training protocols (method of training) served as one of the 
independent variables (group) and was listed as Factor A, while the time of trial was 
the second independent variable (time) and was listed as Factor B, in the 3 x 2
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ANOVA (see Appendix D). Three separate analyses were performed. The number 
of seconds the flexed arm hang was held; the number of modified pull-ups completed; 
and the number of push-ups completed; were the dependent variables in these 
evaluations.
An alpha level of .05 was selected as the level of significance for the five 
tests. Significant interaction was further evaluated by running a simple main effects 
analysis, followed by a Tuke/s test. Significant main effects for Factor A or Factor 
B (without significant interaction) were further analyzed by a Tukey’s Test to 
determine where the differences occurred. Statistics were analyzed through the 
Statistical Analysis System (SAS) software program.
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CHAPTER 4
RESULTS AND DISCUSSION 
Results
The effectiveness of lift-assisted training in developing upper body strength 
in females was determined by comparing the subjects initial results on the pull-up, bar 
dip, flexed arm hang, modified pull-up and push-up tests, with the final results. The 
rate of improvement was determined by evaluating the results of the pull-up test, and 
bar dip test, at 0, 4, 8  and 12 weeks training. A comparison was made between 
groups, and between different time periods. The combined effect of group and time 
(interaction) was also analyzed. Seventeen female college students volunteered for, 
and completed the training program. The strength training program and testing were 
conducted in the University of Nevada, Las Vegas Exercise Physiology Laboratory.
The following was studied: the number of pull-ups completed by groups I, II, 
and III atO, 4 , 8  and 12 weeks; the number of bar dips completed by groups I, II, and 
III atO, 4 , 8  and 12 weeks; and the results of the flexed arm hang, modified pull-up and 
push-up tests for groups I, II and III at 0 and 12 weeks. The amount of assistance 
needed to complete 6  to 1 2  repetitions of the A  pull-up exercise at 0  and 1 2  weeks, 
and the amount of A  needed to complete 6  to 12 repetitions of the bar dip exercise 
at 0 and 12 weeks, are also discussed. Additional subject and statistical data is 
located in Appendix C and Appendix D.
55
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Pull-up
The 3 x 4  repeated measures ANOVA revealed significant interaction for 
Group @ Time (Fs,4 2 = 4.28, p = 0.0019). This interaction indicated that the three 
groups did not improve at the same rate overtime. The simple main effects analysis 
revealed a significant difference for Group @ Time4 (F= 7.645, p < .05). Tukey’s 
test revealed the difference to be between both Groups I (PU/BD) and II (PU), and 
Group III (BD). The three groups were similar at zero, four and eight weeks training, 
however Group I (PU/BD)and Group II (PU) were not similar to Group III (BD) by 12 
weeks training.
The simple main effects analysis further revealed a significant difference for 
Time @ Group II (F =  6.085, p < .05). Tukey’s test indicated that Group II (PU) 
improved significantly from 4 weeks (x 0.583 ±0.33) to 12 weeks (x 3.42 ±1.1). As 
separate populations. Group I (PU/BD) and Group III (BD) did not demonstrate 
significant improvement.
Performance improved as training time increased and improvement was on 
the rise for all three groups at 12 weeks. Group I (PU/BD) performed an additional 
amount of PU (x 2.15) from 0 weeks (x 0.4 ± 0.89) to 12 wks (x 2.55 ±1.17) and 
Group III (BD) demonstrated only minimal gains (x 0.167) from 0 weeks (x 0.083 ± 
0.083) to 12 weeks (x 0.25 ±0.17). Group means are listed in Table 1. Group 
means across time are presented in the line graph in Figure 22, and bar graph in 
Figure 23. Standard error is also indicated in Figure 23. As seen in the graphs. 
Group I (PU/BD) and Group II (PU) gained considerably more pull-up strength than 
Group III (BD).
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Figure 22. Comparison of Group Means across time, on the Pull-up Test.
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Figure 23. Means of Group I, II and III at each time period.
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Table 1
Group Means. Standard Deviations and Standard Errors on the Pull-up.
Pull-up Test 0 Weeks 4 Weeks 8  Weeks 12 Weeks
Gl - PU/BD M 0.4 0.7 1.55 2.55
SD 0.89 1.57 2.03 2.62
SE 0.4 0.7 0.91 1.17
Gll - PU M 0.25 0.58 2.04 3.42
SD 0.42 0 . 8 1.89 2.69
SE 0.17 0.33 0.77 1 . 1
Gill - BD M 0.08 0.08 0.13 0.25
SD 0 . 2 0 . 2 0.31 0.42
SE 0.08 0.08 0.13 0.17
Bar Dip
The 3 x4  repeated measures ANOVA revealed no interaction (F s, 4 2  = ”1 74, 
p = 0.135) between groups and time of training. There was also no main effect for 
Group (F 2 . 4 2  = 1.51, p = 0.255), indicating that the groups were similar at each time 
period. There was a significant main effect for Time (F 3  4 2  = 33.16, p = 0.0001) 
suggesting that the three groups improved performance by 12 weeks. Further 
analysis by a T ukey’s test revealed no significant difference between the initial testing 
(time 1) and 4 weeks training (time 2). There was a significant difference between 4 
weeks training (time 2) and 8  weeks training (time 3). There was also a significant 
difference between 8  weeks training (time 3) and 12 weeks training (time 4). All 
groups significantly improved from 4 weeks (x 1.94) to 8  weeks (x 3.588), and from 
8  weeks to 12 weeks (x 5.824). Group means are listed in Table 2. The line graph
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in Figure 24 presents the group mean at the four time periods. (The graph line 
represents the combined mean of the three groups since there was no difference 
between groups at any time period). The bar graph in Figure 25 presents the 
individual group means at each time period, including standard error.
Table 2
Group Means. Standard Deviations and Standard Errors for the Bar Dip.
BAR DIP TEST 0 Weeks 4 Weeks 8  Weeks 12 Weeks
Gl - PU/BD M 0.9 2.5 4.2 8 . 2
SD 1.75 2 2.28 3.55
SE 0.78 0.89 1 . 0 2 1.59
G l l -PU M 2.08 2.75 4.42 5.83
SD 1 . 8 2.72 3.77 4.23
SE 0.74 1 . 1 1 1.54 1.73
GIII-BD M 0 0.67 2.25 3.83
SD 0 1 . 2 1 2.7 3.97
SE 0 0.49 1 . 1 1.62
Flexed Arm Hang
The results of the 3x2  ANOVA revealed significant interaction (Fa, 1 4  = 4.79, 
p = 0.026) suggesting that the three groups did not improve at the same rate over 
time. Results of the simple main effects analysis indicated significant difference for 
Group @ Time 2 (F= 9.66, p < .05). Further analysis with a Tukey’s test revealed 
that Group III (BD) was significantly less than both Group I (PU/BD) and Group II (PU) 
during the final testing. The Tukey’s test also revealed significant differences for
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Figure 24. Group Mean (all groups similar) across time, on the Bar Dip Test.
BAR DIP
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□  4 Weeks 
E38 Weeks
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Figure 25. Means of Group I, II and III at each time period.
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Time @ Group I (F = 7.78, p < .05) and Time @ Group II (F = 9.43, p < .05). 
Group I (PU/BD) improved significantly from initial testing (x 11.28 ± 8.05) to final 
testing (x 27.01 ± 10.08). Group II (PU) also demonstrated significant improvement 
from T1(x 14.56 ± 7.7) to T2 (x 30.26 ± 11.91). Group III (BD) did not improve 
significantly from T1 (x 3.93 ±6.61) to T2 (x 9.1 ±8.2). Group means are listed in 
Table 3. The group means overtime are presented graphically in Figure 26, and 
Figure 27. Standard error is also indicated in Figure 27.
Table 3
Group Means. Standard Deviations and Standard Errors on the Flexed Arm Hang.
FLEXED Trial 1 - Initial Trial 2 - Final
M SD SE M SD SB
Gl - PU/BD 11.28 8.05 3.6 27.01 10.08 4.51
Gll - PU 14.46 7.7 3.14 30.26 11.91 4.86
Gill - BD 3.93 6.61 2.7 9.09 8.19 3.34
Modified Pull-up
Results of the 3 x 2  ANOVA revealed no interaction (Fz,i4  = 2.81, p = 0.094). 
There was a significant main effect for Group (F 2 , 1 4  = 6.93, p = 0.0081 ) indicating 
that the three groups were not similar. Tukey’s test revealed the differences to be 
between Group I (PU/BD) and Group III (BD), and between Group II (PU) and Group 
III (BD). Group I (x 15.7) was similar to Group II (x 16.42) and these two Groups 
were significantly better than Group III (x 9.25). There was also a significant main
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FLEXED ARM HANG
— Group I 
— Group II 
-  Group II
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Trial 2Trial 1



















■  Trial 2
Group I Group II Group
Figure 27. Means of Groups I, II and III at the initial, and final testing.
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effect for Time (F^ . , 4 = 89.26, p = 0.0001) indicating significant improvement for all 
groups from T1 (x 9.177) to T2 (x 18.177). Group means are listed in Table 4. The 
line graph in Figure 28 presents the group means overtime. The bar graph in Figure 
29 presents the individual group means from T1 to T2, including the standard error.
Table 4
Group Means. Standard Deviations and Standard Errors on the Modified Pull-up.
MODIFIED Trial 1 - Initial Trial 2 - Final
M SD SE M SD SB
Gl - PU/BD 9.8 2.39 1.07 2 1 . 6 5.86 2.62
GII-PU 11.67 5.24 2.14 21.17 3.66 1.49
Gill - BD 6.17 1.94 0.79 12.33 4.41 1 . 8
Push-up
The results of the 3 x 2  ANOVA revealed no interaction (F 2 . 1 4  = 1 54, p = 
0.248). There was a significant main effect for Group (F 2 , 1 4  = 5.41, p = 0.0182) 
indicating that the groups were not similar. Tukey’s test revealed the differences to 
be between Group II (PU) and Group III (BD). Group I (x 16.7), the combined group, 
was similar to Group II (PU) and Group III (BD), but Group II (x 22.75) was 
significantly better than Group III (x 11.25). There was also a significant main effect 
for Time (F , 4  = 55.02, p = 0.0001) indicating significant improvement for all 
groups from T1 (x13.12) to T2(x 20.71). Group means are listed in Table 5. Group 
means overtime are presented in the line graph in Figure 30, and the bar graph in 
Figure 31. Standard error is also presented in Figure 31.




- — Group II
-  -  Group III
Trial 1 Trial 2
Figure 28. Comparison of Group Means over time, on the Modified Pull-up.
MODIFIED PULL-UP
®  20
□  Trial 1 
■  Trial 2
Group I Group II Group
Figure 29. Means of Groups I, II and III at the initial, and final testing.
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Figure 31. Means of Groups I, II and III at the Initial, and final testing.
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Table 5
Group Means. Standard Deviations and Standard Errors on the Push-up.
PUSH-UP Trial 1 - Initial Trial 2 -  Final
M SD BE M SD SB
Gl - PU/BD 12.4 7.8 3.49 21.0 7.31 3.27
GII-PU 20.17 8.98 3.66 25.33 5.09 2.08
Gill - BD 6.67 4.59 1.87 15.88 3.43 1.4
Amount of Lift-Assistance Required 
All subjects decreased the amount of lift-assistance needed as the training 
program continued. The amount of assistance needed (lbs) to complete 6 to 12 
repetitions of the l_A pull-up and / or 6 to 12 repetitions of the LA bar dip, during the 
initial testing, and at 12 weeks training, is presented in Appendix C. The group means 
are presented in Table 6.
Discussion
Lift-assisted training was shown to be an effective means for improving upper 
body strength in females, as demonstrated by the significant improvement in the five 
tests. Regarding the pull-up test. Group II (PU) was the only group that significantly 
improved pull-up performance. Group II (PU) performed x 0.25 pull-ups initially and 
X 3.4 pull-ups atfinal testing. Group I (PU/BD) was similarto Group II (PU), however. 
Group I did not improve significantly. Group I (PU/BD) performed x 0.4 pull-ups 
initially and x 2.55 pull-ups during the final testing. There appears to be a lack
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Table 6









Gl PU/BD M 54 lbs 28 lbs 46 lbs 26 lbs
SD 11.4 8.37 8.94 8.94
Gll PU M 55 lbs 26.7 lbs 46.7 lbs na
SD 5.48 8.2 12.11 na
Gill BD M 61.7 lbs na 60 lbs 25 lbs
SD 11.69 na 8.94 8.37
of correlation regarding the pull-up test since both Group I (PU/BD) and Group II (PU) 
performed lift-assisted pull-ups during training. Since Group II (PU) significantly 
improved we would also expect Group I (PU/BD) to significantly improve. However, 
the great amount of variability made it difficult to determine the improvement level of 
Group I (PU/BD). It is uncertain whether Group I (PU/BD) could have demonstrated 
significant improvement had the training period been of longer duration, since 
improvement was on the rise at 12 weeks.
Bergman (1993) reported similar results from a 10 week lift-assisted training 
study involving female police officers. The officers improved performance from 1.3 
pull-ups executed initially to 3.7 performed during final testing, comparable to Group 
II (PU). Another 12 week training study (chest press, bicep curl, & lat pull down) by 
Rutherford and Corbin (1994), which involved female college students, showed an 
increase from zero pull-ups performed initially to 0.5 pull-ups performed during final 
testing. In Rutherford and Corbin’s (1994) study, twenty-six of the 46 volunteers could
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
68
not complete one pull-up by final testing. Seven of the 11 subjects performing lift- 
assisted pull-ups in this study could perform one or more pull-ups by final testing (see 
Appendix C).
The results indicate that if performance of pull-ups is the objective, then the 
method of lift-assisted training should include lift-assisted pull-ups only. The addition 
of lift-assisted bar dips to the performance of lift-assisted pull-ups was not shown to 
be beneficial to pull-up performance, in terms of significant improvement. Training of 
lift-assisted bardips alone is also not beneficial to the performance of pull-ups. This 
would be expected due to the principle of specificity and the muscle actions involved 
in the training.
All groups significantly improved performance of bar dips. Group I (PU/BD) 
and Group III (BD) performed lift-assisted bardips during training and the significant 
improvement in these two groups is not unexpected. However, Group II (PU) did not 
perform lift-assisted bardips during training, yet this group also significantly improved 
performance of bardips during testing. Lift-assisted pull-up training had a favorable 
effect on bar dip performance .
Group I (PU/BD) and Group 11 (PU) significantly improved performance on the 
flexed arm hang, however Group III (BD) did not improve significantly. Members of 
Group I (PU/BD) and Group II (PU) performed lift-assisted pull-ups during training. 
The muscles involved in performing the lift-assisted pull-up include the elbow flexors, 
shoulder extensors and shoulder adductors, similarto the flexed arm hang, although 
the flexed arm hang requires a static ratherthan dynamiccontraction. Performing the 
lift-assisted pull-up involves moving the body through a range of motion. From the 
starting position the body is pulled upward until the chin is above the bar, then the body
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is lowered back to the starting position. This range of motion includes the position of 
the flexed arm hang. Accordingly, the results of the flexed arm hang are not 
unexpected due to the particular muscle actions involved in the training. Group III 
(BD) would not be expected to improve since this group did not train the elbow flexors, 
shoulder extensors, or shoulder adductor muscles.
The muscles involved in the performance of the modified pull-up also involve 
the elbowflexors, shoulder extensors and shoulder adductors, similarto the pull-up. 
All groups significantly improved on the modified pull-up, although Group I (PU/BD) 
and Group II (PU) were significantly better than Group III (BD). Improvement in 
Groups I (PU/BD) and II (PU) would be expected, due to the muscle actions involved. 
Lift-assisted bar dip training had a favorable effect on modified pull-up performance.
All groups significantly improved on the push-up test, however Group II (PU) 
was significantly betterthan Group III (BD). The push-up exercise involves the triceps 
brachii and anconeus (elbow extensors), pectoralis major and anterior deltoid 
(shoulder flexors), and pectoralis minor and serratus anterior muscles (shoulder 
abductors), similar to the bar dip exercise (Thompson, 1989). Members of Group I 
(PU/BD) and Group III (BD) performed lift-assisted bardips during training, therefore 
these groups would be expected to improve. Members of Group II (PU) did not 
perform lift-assisted bar dips however, they also demonstrated significant 
improvement. Lift-assisted pull-up training had a favorable effect on push-up 
performance.
Members of Group I (PU/BD) performed both the lift-assisted pull-up and lift- 
assisted bar dip during training. Group I (PU/BD) significantly improved performance 
on every test except the pull-up. Members of Group II (PU) performed lift-assisted
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
70
pull-ups during training and significantly improved performance on all five tests. Group 
III (BD) performed lift-assisted bar dips during training and significantly improved 
performance on the bar dip, modified pull-up and push-up tests. There was continual 
improvement overtime for the five tests and the gains in strength had not leveled off 
by the end of the 12 week training period. It appeared that lift-assisted pull-up training 
had a favorable effect on not only exercises involving the elbow flexor, shoulder 
extensor and shoulder adductor muscles but also on exercises involving the elbow 
extensor, shoulder flexor and shoulder abductor muscles.
Studies of this type with a small number of subjects can lead to the unequal 
distribution of subject variables which presents a potentially confounding variable 
(Grimm, 1993). It is evident that the groups were not equal at the beginning of the 
training program although each group consisted of trained and untrained subjects 
(see Appendix 0). Group III (BD) was consistently weaker than Groups I (PU/BD) 
and II (PU) during initial testing. Group III (BD) was significantly differentfrom Group 
I (PU/BD) on the pull-up, flexed arm hang and modified pull-up tests. Group III (BD) 
was significantly different from Group II (PU) on the pull-up, flexed arm hang, modified 
pull-up and push-up tests. It is possible that subjects in Group III had to overcome a 
greater obstacle in improving strength development compared to subjects from 
Groups I & II, as noted by the significant differences between groups.
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CHAPTER 5
SUMMARY AND CONCLUSIONS 
Summary
Pull-ups have long been a component of physical fitness test batteries and 
females have demonstrated considerable difficulty in performing the pull-up exercise. 
According to the National Children and Youth Fitness Study (1985), sixty percent of 
females, aged 10 to 18, could not execute a single pull-up. The zero scores do not 
allow for comparison among individuals. Several researchers suggest that good test 
items should not have any zero scores (Kendall, 1965; Folsom-Meek et al., 1992). 
A major concern in using pull-ups as a measurement of upper body strength in test 
batteries is the inability to discriminate at the lower end. Lift-assisted strength training 
machines could be utilized in test batteries to discriminate among lower end 
participants, as most individuals are capable of lifting a percentage of their body 
weight.
Women entering strenuous physical occupations (fields previously reserved 
for men) must pass preliminary physical ability tests (PATs). A test of upper body 
muscular strength and endurance are often components of these PATs. Pull-ups are 
a standard test of upper body strength and endurance and females must be able to 
successfully train to increase the number of pull-ups performed in a reasonable time 
period.
71
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When execution of a specific movement is desired then the individual benefits 
from simulating the desired movement during training, due to the principle of 
specificity. The development of lift assist machines has enabled those individuals 
unable to execute a single pull-up or bar dip, to train by imitating the action of the pull- 
up and bar dip exercise. A complication is presented with those subjects unable to 
perform a single pull-up or bar dip. It is difficult to determine the magnitude of 
improvement needed forthese subjects to successfully perform one repetition. One 
individual may need to increase strength by 50% while another person must improve 
strength by 80%, due to the individual differences principle.
The purpose of this study was to determine the effectiveness of lift-assisted 
training in developing upper body strength in females, as measured by pull-ups and 
bar dips, and supplemented by flexed arm hang, modified pull-up and push-up 
measurements. Subjects were assigned to one of three training protocols and a 
comparison was made of the three groups. In addition, the rate of improvement was 
determined by measuring pull-up and bar dip performance atO, 4, 8 and 12 weeks 
training.
Seventeen of the 21 volunteers completed the study. The training protocol 
required subjects to perform three sets of 6 to 12 repetitions of the lift-assisted pull-up 
exercise and/or three sets of 6 to 12 repetitions of the lift-assisted bar dip exercise. 
Subjects in Group I (PU/BD) completed three sets of the lift-assisted pull-up exercise 
and three sets of the lift-assisted bar dip exercise. Subjects in Group II (PU) 
completed three sets of the lift-assisted pull-up exercise, and subjects in Group III 
(BD) completed three sets of the lift-assisted bar dip exercise. Initial testing included 
the pull-up, bar dip, flexed arm hang, modified pull-up and push-up measurements.
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Pull-ups and bar dips were also measured at four and eight weeks training. Final 
testing consisted of the initial measurements, which included the pull-up, bar dip, 
flexed arm hang, modified pull-up and push-up exercises.
Conclusions
The results of the current study yielded the following conclusions;
1. The evidence indicates that lift-assisted training is effective in developing the
upper body strength necessary to perform the pull-up and bar dip exercises,
and also the flexed arm hang, modified pull-up and push-up exercises.
A. To significantly increase performance of pull-ups, perform lift-assisted 
pull-ups during training. Significant strength gains occur during week 
4 to week 12.
B. To significantly improve performance of bardips, perform lift-assisted 
pull-ups and / or lift-assisted bar dips during training. Significant 
strength gains occur during week 4 to week 8, and from week 8 to 
week 12.
C. To significantly improve performance of the flexed arm hang, perform 
lift-assisted pull-ups or a combination of lift-assisted pull-ups and lift- 
assisted bar dips during training.
D. To significantly improve performance of the modified pull-up, perform 
lift-assisted pull-ups and / or lift-assisted bar dips, during training.
E. To significantly improve performance of push-ups, perform lift- 
assisted pull-ups and / or lift-assisted bar dips, during training.
2. Improvement was on the rise for the three groups regarding the five tests of
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muscular strength and endurance. A plateau Indicating the limits of the 
strength gains had not been observed.
Recommendations 
Based on the findings of the current study, the following recommendations are
offered;
1. Designing a similar study with a longer training period would be beneficial as 
the researcher could observe the time range for significant strength gains, 
along with observing the limits of strength improvement.
2. A larger sample size would have allowed for a more even spread of subject 
variables among the three training groups.
3. Initial and final tests of elbow flexion, elbow extension, shoulder flexion, 
shoulder extension, shoulder adduction and shoulder abduction isometric or 
isokinetic strength would have been beneficial in determining strength gains 
in those subjects unable to perform a single pull-up or bar dip.
4. An interesting area of testing would be to determine the amount of lift - 
assistance needed to perform one pull-up or one bar dip. A high percentage 
of females are unable to perform a single pull-up and it is difficult to 
discriminate among these subjects. A study designed to measure the amount 
of lift-assistance needed for individuals to perform just one pull-up would allow 
the researcher to evaluate differences in subject strength levels, and also 
provide information regarding the pull-up ability of females. Perhaps a high 
percentage of females require only 25% assistance; or they may require 75% 
assistance. Regardless, each subject receives feedback on the amount of
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strength they possess, and the amount of strength needed to perform a single 
pull-up, or bar dip. This type of information has more value for the individual 
than receiving a score of zero.
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CONSENT TO PARTICIPATE IN A RESEARCH STUDY BY THE 
UNIVERSITY OF NEVADA, LAS VEGAS 
EXERCISE PHYSIOLOGY LAB
TITLE OF THE STUDY
Effectiveness of lift-assisted training in developing upper body strength in females. 
PURPOSE
This study was designed to determine the effectiveness of lift-assisted training in 
developing upper body strength in females as measured by pull-ups and bardips, and 
supplemented by the flexed anm hang, modified pull-up and push-up measurements.
PROCEDURE
This study will last 15 weeks. Preliminary testing will take two weeks, the training 
period -12  weeks, and the final testing -1 week. Volunteers will meet three non- 
consecutive days per week, ten to fifteen minutes per session, in the Exercise 
Physiology Laboratory at the University of Nevada, Las Vegas. Subjects will be 
randomly assigned to one of three training groups; a combined pull-up and bar dip 
group; a pull-up only group; ora bar dip only group. Subjects will perform 3 sets of 6 
to 12 repetitions of the pull-up and/or bar dip exercise per session. The following will 
be measured, observed, ortested, priorto and at the conclusion of the training period.
Age, height, and weight
Resting heart rate and resting blood pressure
Skinfolds at the triceps, scapula, midaxillary, chest, hips, abdomen, and thigh 
Flexed arm hang 
Modified pull-ups 
Push-ups
Standard pull-ups performed at 0, 4, 8 and 12 weeks 
Standard bar dips performed at 0, 4, 8 and 12 weeks 
Assistance needed to perform 6-12 repetitions of LA pull-up exercise 
Assistance needed to perform 6-12 repetitions of LA bar dip exercise
RISKS
There are very few risks involved in this study. Anytime anyone exercises there is 
some risk. Stiffness and soreness may result from strength training. Using fitness 
equipment sometimes poses safety problems. However, adequate instruction and 
warm-up limits these risks.
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BENEFITS
The lift-assisted machine used in this study provides a progressive system in which 
to develop upper body muscles. The weight machine enables the subject to replicate 
the exact movement of the pull-up and bar dip exercise without having to lift and lower 
the entire body weight. We will learn if LA training is effective in developing the 
strength necessary to perform multiple pull-ups and bar dips.
CONFIDENTIALITY
All subject files, test results, and any personal data will be coded by number and kept 
confidential. If the study is published no participants will be named.
RIGHT TO REFUSE OR WITHDRAW
You may refuse to participate. You may withdraw consent at any time and discontinue 
participation in the study.
QUESTIONS
If you have any questions, please ask the investigators. Should any questions arise 
at a later date, please call Robin Brown 895-4102, or Larry Golding 895-3766.
You will be given a signed and dated copy of this form to keep for your personal 
records
* * * * * * * * *
YOUR SIGNATURE BELOW CERTIFIES THAT YOU UNDERSTAND THE TEST  
PROCEDURE AND HAVE DECIDED TO VOLUNTEER AS A RESEARCH PARTICIPANT. 
YOU HAVE READ THE INFORMATION PROVIDED AND ALL QUESTIONS REGARDING 
THE EXPERIMENT HAVE BEEN ANSWERED TO YOUR SATISFACTION.
Participant’s Signature Participant’s Name Printed Date
Witness’ Signature Witness’ Name Printed Date
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Lift-Assistance Initial Lift-Assistance for Pull-up 
Initial Lift-Assistance for Bar Dip
Pull-ups & Bar Dips Standard Pull-ups 
Standard Bar Dips
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Measurements Height W eight.










Lift-Assistance End Lift-Assistance for Pull-up 
End Lift-Assistance for Bar Dip
Pull-ups & Bar Dips Standard Pull-ups 
Standard Bar Dips
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University of Nevada Las Vegas
Exercise Physiology Lab
Lift-Assist Study
GROUP I COMBINED PU/BD SUBJECT#
Week_
Date
PU Set 1 
WT
BD Set 1 
WT
PU Set 2 
WT
BD Set 2 
WT
PU Set 3 
WT






PU Set 1 
WT
BD Set 1 
WT
PU Set 2 
WT
BD Set 2 
WT
PU Set 3 
WT






PU Set 1 
WT
BD Set 1 
WT_____
PU Set 2 
WT_____
BD Set 2 
W T_____
PU Set 3 
WT






PU Set 1 
WT
BD Set 1 
WT
PU Set 2 
WT
BD Set 2 
WT
PU Set 3 
WT






PU Set 1 
WT
BD Set 1 
WT
PU Set 2 
WT
BD Set 2 
WT
PU Set 3 
W T ____






PU Set 1 
WT
BD Set 1 
WT
PU Set 2 
WT
BD Set 2 
WT
PU Set 3 
WT
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GROUP II




Week .Day. Week Day
Date
PU Set 1 
WT
REPS PU Set 1 
WT
REPS
PU Set 2 
WT
PU Set 2 
WT
PU Set 3 
WT




PU Set 1 
WT
PU Set 2 
WT










PU Set 1 
WT
REPS PU Set 1 
WT
REPS PU Set 1 
WT
REPS
PU Set 2 
WT
PU Set 2 
WT
PU Set 2 
WT
PU Set 3 
WT
PU Set 3 
WT
PU Set 3 
WT
Week Day Week Day Week Dav
Date Date Date
PU Set 1 
WT
REPS PU Set 1 
WT
REPS PU Set 1 
WT
REPS
PU Set 2 
WT
PU Set 2 
WT
PU Set 2 
WT
PU Set 3 
WT
PU Set 3 
WT
PU Set 3 
WT
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University of Nevada Las Vegas
Exercise Physiology Lab
Lift-Assist Study
GROUP III BAR DIP SUBJECT#
Week Dav Week Day Week Dav
Date Date Date
BD Set 1 
WT
REPS BD Set 1 
WT
REPS BD Set 1 
WT
REPS
BD Set 2 
WT
BD Set 2 
WT
BD Set 2 
WT
BD Set 3 
WT
BD Set 3 
WT
BD Set 3 
WT
Week Day Week Day Week Dav
Date Date Date
BD Set 1 
WT
REPS BD Set 1 
WT
REPS BD Set 1 
WT
REPS
BD Set 2 
WT
BD Set 2 
WT
BD Set 2 
WT
BD Set 3 
WT
BD Set 3 
WT
BD Set 3 
WT
Week Day Week Dav Week Dav
Date Date Date
BD Set 1 
WT
REPS BD Set 1 
WT
REPS BD Set 1 
WT
REPS
BD Set 2 
WT
BD Set 2 
WT
BD Set 2 
WT
BD Set 3 
WT
BD Set 3 
WT
BD Set 3 
WT




Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PRELIMINARY PHYSIOLOGICAL CHARACTERISTICS 
OF GROUPS I, II & III
86
GROUP I.
SUBJ 1 AGE ! HT W T RHR ! BP SUM 4
1 24 63 106 65 93/57 46
2 21 68 131 56 108/58 73
3 22 63.66 113 88 109/73 61
4 41 66.75 139 62 110/75 69.5
5 22 69.5 152 61 124/80 78.5
MEAN 26 j 65.98 128.2 66.4 109/69 65.6
SD DEV 8.456 2.514 18.807 12.502 11/10.5 12.666
GROU
SUBJ 1 AGE ! HT W T RHR BP SUM 4
6 44 64.33 121 64 110/67 62
7 21 65 126 78 109/52 88
8 20 60.5 109 79 111/74 80.5
9 20 66.5 129 63 116/68 67.5
10 20 65 125 58 117/64 79.5
11 19 64 127 58 105/64 70
MEAN 24 63.5 122.83 66.667 111/65 j 74.583
SD DEV 9.818 2.016 7.278 9.501 4.5/73 1 9.682
GROUP
SUBJ AGE HT W T RHR BP SUM 4
12 28 58.5 126.5 78 117/69 117
13 21 66.33 144 53 107/70 87
14 32 61.75 94 75 102/67 67.5
15 27 67 122 85 122/66 84.5
16 20 63.5 114 82 93/49 97.5
17 25 64.33 130 82 97/65 87.5
MEAN 25.5 63.568 121.75 75.833 106/64 90.167
SD DEV 4.506 3.13 16.828 11.72 11/7.7 16.351
Note. Units of measurements: Age - years; Height - inches; Weight - lbs; 
Resting Heart Rate - bpm; Blood Pressure -  mmHg; Sum of Skinfolds - mm.
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OF GROUPS I, II & III
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GROUP I.
SUBJ AGE HT W T 1 RHR 1 BP SUM 4
1 24 63 106 63 105/60 47.5
2 22 68 131 78 105/65 65
3 23 63.66 113 66 112/60 55.5
4 41 66.75 140 66 117/76 65
5 22 68.5 163 77 117/77 101
MEAN 26.4 65.98 130.6 70 111/68 66.8
SD DEV 8.204 2.514 22.656 6.964 6.1/8.4 20.47
GROUP II.
SUBJ AGE HT W T RHR BP SUM 4
6 44 64.33 122 64 110/67 62
7 22 65 124 78 109/52 88
8 21 60.5 110 79 111/74 80.5
9 20 66.5 126 63 116/68 67.5
10 20 65 126 58 117/64 79.5
11 20 64 129 58 105/64 70
MEAN 24 63.5 122.83 72.667 109/65 66.67
SD DEV 9.818 2.016 6.71 13.1 9.4/11.4 10.35
GROUP
SUBJ AGE HT W T RHR BP SUM 4
12 29 58.5 119 82 117/76 94
13 21 66.33 144 66 109/64 84.5
14 32 61.75 102 100 120/75 88
15 27 67 121.5 82 112/68 79
16 21 63.5 116 72 96/60 95
17 25 64.33 133 54 101/57 88
MEAN 25.5 63.568 122.58 75.833 106/64 87.75
SD DEV 4.506 3.13 14.479 11.72 11/7.7 6.031
Note. Units of measurements: Age - years; Height - inches; Weight - lbs; 
Resting Heart Rate - bpm; Blood Pressure - mmHg; Sum of Skinfolds - mm.
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PRELIMINARY SKINFOLD MEASUREMENTS 
AND PHYSICAL ACTIVITY LEVEL 
OF ALL SUBJECTS
88
SUBJ TRI ABD ILIUM THIGH MID SCAP CHEST ACTIVE
1 9.5 9.5 8 19 7 9 5 A -S T
2 14 15.5 13 30.5 9 16 9.5 A
3 13 16.5 9 22.5 11.5 18 13 U
4 17 10.5 10 32 11 14.5 15.5 A -S T
5 23 12 10 33.5 8 13 9 A -S T
6 11 15 9 27 6.5 12 7 A -S T
7 17 24 23 24 14.5 16 14.5 A
8 16.5 21 14 29 16 17 13 A -ST
9 13 13.5 16 25 8 15.5 10.5 A
10 15 18.5 20 26 13.5 13.5 11.5 A -S T
11 13 13 15 29 7.5 9.5 9 A -S T
12 25 26 28 38 26 29.5 20 A
13 23 15 14 35 10 19 11 A
14 12 22 14.5 19 17 20 12 U
15 20 18.5 16 30 13 12 13 A
16 19 26 23.5 29 13 17 17.5 A
17 19.5 23 16 29 14 18.5 12.5 A - S T
MEAN 16.5 17.618 15.235 28.088 12.088 15.882 11.971
ST DEV 4.538 5.293 5.643 5.194 4.829 4.745 3.689
Triceps - TRI 
Abdomen - ABD 
Ilium 
Thigh
Midaxillary - MID 
Scapula - SCAR 
Chest
Physical Activity Level: 
Trained - A = Aerobics
Untrained -
ST = Strength Training 
U = No physical activity
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POST TEST SKINFOLD MEASUREMENTS 
OF ALL SUBJECTS
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SUBJ TRI ABD ILIUM THIGH MID SCAP CHEST
1 10 10.5 8 19 6 6 5
2 15 14 11 25 10 11 9
3 12 13 6.5 24 10 14 9
4 14 10 8 33 9 11.5 11
5 28 21 14 38 11 15 13
6 11 17 8 29 8 12 8
7 14 26 20 24 14 14 16
8 17 17 11 29 14 15 11
9 12 11 12 24 8 14 11
10 12 13 11 24 10 10 10
11 11 12 10 25 7 9 6
12 21 23 19 31 20 18 18
13 21 16 13.5 34 10 14.5 7
14 16 29 21 20 19.5 23 17
15 19 17 12 31 12 10 10
16 18 26 21 30 15 17
17 20 22 15 31 13 19 12
MEAN 15.941 17.5 13 27.706 11.559 13.706 11.176
ST DEV 4.789 5.984 4.734 5.121 3.984 4.123 3.925
Triceps - TRI 
Abdomen - ABD 
Ilium 
Thigh
Midaxillary - MID 
Scapula - SCAP 
Chest
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PRELIMINARY MEASUREMENTS FOR GROUPS I, II & III 
PULL-UPS, BAR DIPS, FLEXED ARM HANG 
MODIFIED PULL-UP AND PUSH-UP 
EXERCISES
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GRPI PULL-UP BAR DIP FLEXED MOD PU PUSH-UP
1 0 0 8.18 11 20
2 0 0 2.72 7 1
3 0 0 8.87 8 13
4 2 4 12.35 13 9
5 0 0.5 24.3 10 19
MEAN 0.4 0.9 11.284 9.8 12.4
SD DEV 0.894 1.746 8.052 2.387 7.797
SD ERR 0.4 0.781 3.601 1.068 3.487
GRP II PULL-UP BAR DIP FLEXED MOD PU PUSH-UP
6 0 4 18.32 15 29
7 0 0.5 4.93 7 15
8 0 4 9.39 12 20
9 0 0 8.78 6 6
10 0.5 3 13.45 20 21
11 1 1 27.21 10 30
MEAN 0.25 2.083 13.68 11.667 20.167
SD DEV 0.418 1.8 8.045 5.241 8.976
SD ERR 0.171 0.735 3.141 2.14 3.664
GRP III PULL-UP BAR DIP FLEXED 1 MOD PU PUSH-UP
12 0 0 0 6 1
13 0.5 0 7.7 5 13
14 0 0 0 9 7
15 0 0 15.87 8 10
16 0 0 0 5 2
17 0 0 0 4 7
MEAN 0.083 0 3.928 6.167 6.667
SD DEV 0.204 0 6.611 1.941 4.59
SD ERR 0.083 0 2.699 0.792 1.873
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PRELIMINARY MEASUREMENTS FOR ALL SUBJECTS ON THE 
PULL-UP, BAR DIP, FLEXED ARM HANG, MODIFIED 
PULL-UP AND PUSH-UP EXERCISES
91
SUBJ PULL-UP 1 BAR DIP FLEXED MOD PU ! PUSH-UP
1 0 0 8.18 11 20
2 0 0 2.72 7 1
3 0 0 8.87 8 13
4 2 4 12.35 13 9
5 0 0.51 24.3 10 19
6 0 4 18.32 15 29
7 0 0.5 4.93 7 15
8 0 4 9.39 12 20
9 0 0 8.78 6 6
10 0.5 3 13.45 20 i 21
11 1 1 27.21 10 30
12 0 0 0 6 ! 1
13 0.5 0 7.7 5 13
14 0 0 0 9 I 7
15 0 0 15.87 8 1 10
16 1 0 0 0 5 2
17 1 0 0 0 4 7
MEAN 1 0.235 1 9.534 9.176 13.118
SD DEV 0.534 1.611 8.324 4.127 9.02
SD ERR 0.1295 0.391 2.019 1.001 2.188
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POST TESTING MEASUREMENTS FOR GROUPS I, II & III 
PULL-UPS, BAR DIPS, FLEXED ARM HANG 
MODIFIED PULL-UP AND PUSH-UP 
EXERCISES
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GRP 1 ! PULL-UP BAR DIP FLEXED MOD PU PUSH-UP
1 4.75 12 24.07 21 30
2 0.75 4.5 17.37 26 11
3 0.75 9 24.7 13 17
4 6 11 44.16 28 22
5 0.5 4.5 24.74 20 25
MEAN 2.55 8.2 27.008 21.6 1 21
SD DEV 2.618 3.546 10.077 5.857 7.314
SD ERR i 1.171 1.586 4.507 2.619 3.271
GRP II PULL-UP BAR DIP FLEXED MOD PU PUSH-UP
6 1.5 9.5 39.36 20 29
7 1.5 2.5 11.22 17 20
8 0.5 10 26.06 20 25
9 4.5 0 28.62 21 20
10 5 9 29.38 28 25
11 7.5 4 45.9 21 33
MEAN 3.417 5.833 30.257 21.167 25.333
SD DEV 2.69 4.227 11.91 3.7 5.1
SD ERR 1.099 1.726 4.861 1.493 2.076
GRP III PULL-UP BAR DIP FLEXED MOD PU 1 PUSH-UP
12 0 1 5.24 10 1 15
13 1 10.5 14.57 15 20
14 0 1.5 3.95 19 ! 18
15 0.5 7 23.34 14 17
16 0 1.5 2.41 8 15
17 0 1.5 5.02 8 10
MEAN 0.25 3.833 9.088 12.333 15.833
SD DEV 0.418 3.971 8.192 4.412 3.43
SD ERR 0.171 1.621 3.344 1.801 1.4
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POST TESTING MEASUREMENTS FOR ALL SUBJECTS ON THE 
PULL-UP, BAR DIP, FLEXED ARM HANG, MODIFIED 
PULL-UP AND PUSH-UP EXERCISES
93
SUBJ PULL-UP BAR DIP FLEXED 1 MOD PU | PUSH-UP
1 4.75 12 24.07 21 30
2 0.75 4.5 17.37 26 11
3 0.75 9 24.7 13 17
4 6 11 44.16 28 22
5 0.5 4.5 24.74 20 25
6 1.5 9.5 39.36 20 29
7 1.5 2.5 11.22 17 20
8 0.5 10 26.06 20 j  25
9 4.5 0 29.62 21 20
10 5 9 29.38 28 25
11 7.5 4 45.9 21 33
12 0 1 5.24 10 15
13 1 10.5 14.57 15 20
14 0 1.5 3.95 19 18
15 0.5 7 23.34 14 17
16 0 1.5 2.41 8 15
17 0 1.5 5.02 8 10
MEAN 2.044 5.824 21.83 18.177 20.706
SD DEV 2.455 4.111 13.658 6.217 1 6.488
SD ERR 0.595 0.997 3.313 1.508 1.574
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LIFT-ASSISTANCE REQUIRED BY GROUPS I, II & III 




SUBJ Initial PU Final PU Initial BD Final BD
1 40 20 40 20
2 70 30 60 30
3 50 30 40 20
4 50 20 40 20
5 60 40 50 40
MEAN 54 lbs 28 lbs 46 lbs 26 lbs
SD DEV 11.402 8.367 8.944 8.944
GROUP II.
SUBJ Initial PU Final PU Initial BD | Final BD
6 50 20 30 j  na
7 60 40 60 1 na
8 50 30 40 na
9 60 30 60 1 na
10 60 20 50 na
11 50 20 40 na
MEAN 55 lbs 26.7 lbs 46.7 lbs 1 na
SDDEV 5.477 8.2 12.111 j  na
GROUP III.
SUBJ InitalPU Final PU Initial BD Final BD
12 80 na 70 1 40
13 60 na 60 20
14 50 na 60 30
15 60 na 50 20
16 70 na 70 20
17 50 na 50 20
MEAN 61.7 lbs na 60 lbs 1 25 lbs
SD DEV 11.691 na 8.944 i  8.367
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GROUP I - SUBJECT 1 TRAINING RECORD
Week Weight Reps /Set Weight Reps /  Set
W k 1 PU 40 10 8 10 BD 40 12 11 12
Day 2 PU 40 11 11 9 BD 30 6 6 7
Day 3 PU 40 12 12 10 BD 30 10 10 7
W k 2 PU 40 13 11 11 BD 30 10 10 9
Day 2 PU 40 7 7 6 BD 30 12 12 9
Day 3 PU 30 9 8 7 BD 30 12 12 9
W k 3 PU 30 10 8 7 BD 30 10 12 10
Day 2 PU 30 9 7 6 BD 30 13 12 12
Day 3 PU 30 10 9 9 BD 30 10 8 9
W k 4 PU 30 10 8 7 BD 20 10 9 9
Day 2 PU 30 11 8 9 BD 20 10 9 10
Day 3 PU 30 8 8 7 BD 20 12 9 10
W k 5 PU 30 9 9 8 BD 20 12 8 9
Day 2 PU 30 10 10 9 BD 20 11 9 10
Day 3 PU 30 13 11 10 BD 20 10 11 9
W k 6 PU 30 12 10 10 BD 20 11 11 11
Day 2 PU 30 11 10 7 BD 20 12 12 12
Day 3 PU 30 X X X BD 20 X X X
W k 7 PU 40 12 11 11 BD 40 12 12 10
Day 2 PU 30 5 6 5 BD 20 11 11 11
Day 3 PU 20 8 6 6 BD 20 13 11 10
Wk 8 PU 20 5 4 4 BD 20 14 12 12
Day 2 PU 20 5 4 4 BD 20 14 12 12
Day 3 PU 20 5 4 4 BD 20 13 12 12
W k 9 PU 20 7 6 6 BD 20 12 11 11 1
Day 2 PU 20 7 6 6 BD 20 12 10 10 1
Day 3 PU 20 6 6 5 BD 20 13 12 12 1
W k10 PU 20 6 5 5 BD 20 14 13 13 i
Day 2 PU 20 9 7 6 BD 20 12 11 9 i
Day 3 PU 20 8 6 6 BD 20 14 13 13 1I
W k11 PU 20 8 7 7 BD 20 15 14 14 i
Day 2 PU 20 7 7 5 BD 20 12 11 10
Day 3 PU 20 8 6 6 BD 20 13 11 11
W k 1 2 PU 20 8 6 5 BD 20 12 12 12
Day 2 PU 20 8 7 7 BD 20 13 12 12
Day 3 PU 20 7 7 6 BD 20 12 11 11
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GROUP I - SUBJECT 2 TRAINING RECORD
Week W eight Reps /Set W eight Reps /  Set
W k 1 PU 70 7 6 6 BD 60 8 11 i 11
Day 2 PU 60 8 7 6 BD 60 8 9 j 10
Day 3 PU 70 10 8 8 BD 60 8 6 6
W k 2 PU 60 14 9 8 BD 60 7 7  1 7
Day 2 PU 60 9 5 4 BD 60 11 1 7 8
Day 3 PU 60 9 8 8 BD 60 9 9 9
Wk 3 PU 60 11 8 6 BD 60 11 7 9
Day 2 PU 60 11 10 8 BD 60 11 9 1 7
Day 3 PU 60 12 9 7 BD 60 13 9 8
Wk 4 PU 60 13 10 8 BD 60 12 10 ! 10
Day 2 PU 60 13 11 9 BD 60 13 12 8
Day 3 PU 60 16 10 8 BD 60 13 10 1 8
W k 5 PU 60 10 8 8 BD 50 8 10 1 9
Day 2 PU 50 8 7 10 BD 50 9 7 1 10
Day 3 PU 50 X X X BD 50 X X ; X
Wk 6 PU 50 8 7 6 BD 50 8 8 } 8
Day 2 PU 50 9 7 6 BD 50 10 8 1 8
Day 3 PU 50 X X X BD 50 X X 1 X
Wk 7 PU 50 10 8 8 BD 50 10 9 I 8
Day 2 PU 50 10 9 7 BD 50 10 10 1 9
Day 3 PU 40 7 10 9 BD 40 8 9 1 8
W k 8 PU 40 7 6 8 BD 40 8 7  i  9
Day 2 PU 40 7 8 8 BD 40 10 9 10
Day 3 PU 40 8 7 1 8 BD 40 7 8 ! 7
W k 9 PU 40 7 6 5 BD 40 10 8 1 7
Day 2 PU 40 9 7 6 BD 40 9 8 1 8
Day 3 PU 40 10 7 6 BD 40 9 8 1 10
W k10 PU 40 10 8 8 BD 40 11 9 1 10
Day 2 PU 40 11 7 8 BD 40 12 g 9
Day 3 PU 30 7 9 8 BD 30 8 10 9
W k11 PU 30 9 8 7 BD 30 9 10
Day 2 PU 30 8 6 3 BD 30 8 7 5
Day 3 PU 30 6 7 6 BD 30 6 8 «
W k12 PU 30 5 4 6 BD 30 6 5 8
Day 2 PU 30 4 4 6 BD 30 6 5 9
Day 3 PU 30 8 7 6 BD 30 9 8 8
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GROUP I - SUBJECT 3 TRAINING RECORD
Week Weight Reps /Set Weight Reps /  Set
W k 1 PU 50 11 7 6 BD 40 10 7 6
Day 2 PU 50 10 7 6 BD 40 8 6 5
Day 3 PU 50 9 7 4 BD 40 9 6 8
W k 2 PU 50 9 8 8 BD 40 10 6 9
Day 2 PU 50 9 7 5 BD 40 10 8 7
Day 3 PU 50 10 9 8 BD 40 10 10 7
W k 3 PU 50 9 7 7 BD 40 10 10 8
Day 2 PU 50 10 9 8 BD 40 10 10 9
Day 3 PU 50 11 10 9 BD 40 10 10 9
W k 4 PU 50 12 11 9 BD 40 11 10 10
Day 2 PU 50 11 10 9 BD 40 12 10 10
Day 3 PU 50 11 11 9 BD 40 10 10 10
W k 5 PU 50 11 10 9 BD 40 12 12 9
Day 2 PU 40 7 6 6 BD 30 8 7 7
Day 3 PU 40 7 6 6 BD 30 8 8 7
W k 6 PU 40 8 8 7 BD 30 9 9 7
Day 2 PU 40 X X X BD 30 X X X
Day 3 PU 40 X X X BD 30 X X X
W k 7 PU 40 9 7 6 BD 30 9 9 7
Day 2 PU 40 8 8 6 BD 30 9 8 6
Day 3 PU 40 9 8 7 BD 30 8 8 6
W k 8 PU 40 9 8 6 BD 30 8 8 5
Day 2 PU 40 8 8 7 BD 30 8 8 8
Day 3 PU 40 8 7 6 BD 30 8 7 7
W k 9 PU 40 9 10 6 BD 30 10 10 9
Day 2 PU 40 10 8 8 BD 30 11 10 10
Day 3 PU 40 10 7 7 BD 30 12 10 10
W k lO PU 40 10 7 6 BD 30 7 10 9
Day 2 PU 40 6 5 5 BD 20 7 6 5
Day 3 PU 40 6 6 5 BD 20 8 5 5
W k11 PU 30 7 6 5 BD 20 7 6 5
Day 2 PU 30 7 5 5 BD 20 9 8 8
Day 3 PU 30 X X X BD 20 X X X
W k12 PU 30 7 7 5 BD 20 9 9 7
Day 2 PU 30 X X X BD 20 X X X
Day 3 PU 30 X X X BD 20 X X X
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GROUPS I - SUBJECT 4 TRAINING RECORD
Week Weight Reps /Set W eight Reps / Set
Wk 1 PU 50 9 8 5 BD 40 9 6 1 7
Day 2 PU 40 9 10 8 BD 40 8 9 ! 6
Day 3 PU 40 9 9 8 BD 40 8 8 6
Wk 2 PU 40 11 7 10 BD 40 9 8 7
Day 2 PU 40 11 7 7 BD 40 11 8 7
Day 3 PU 40 11 8 6 BD 40 11 8 7
Wk 3 PU 40 11 8 7 BD 40 11 9 8
Day 2 PU 40 11 7 6 BD 40 10 7 7
Day 3 PU 40 11 9 8 BD 40 11 10 8
Wk 4 PU 40 X X X BD 40 X X i X
Day 2 PU 40 11 9 6 BD 40 11 10 i 7
Day 3 PU 40 12 9 6 BD 40 12 10 1 8
Wk 5 PU 40 12 10 6 BD 40 12 10 I  8
Day 2 PU 30 8 8 7 BD 30 8 9 I  7
Day 3 PU 30 9 9 6 BD 30 9 9 1 9
Wk 6 PU 30 10 9 7 BD 30 9 10 1 9
Day 2 PU 30 10 10 8 BD 30 10 10 1 8
Day 3 PU 30 10 10 7 BD 30 10 10 1 9
Wk 7 PU 30 10 8 9 BD 30 10 7 1 10
Day 2 PU 30 10 7 6 BD 30 10 8 i  8
Day 3 PU 30 10 1  7 8 BD 30 10 8 1  8
Wk 8 PU 30 10 7 7 BD 30 10 8 ! 8
Day 2 PU 30 10 8 6 BD30 10 9 7
Day 3 PU 30 10 8 7 BD 30 11 10 ! 8
Wk 9 PU 30 11 7 7 BD 30 10 9 i  6
Day 2 PU 30 X X X BD 30 X X ! X
Day 3 PU 30 12 9 7 BD 30 11 10 i 8
W k10 PU 30 11 9 7 BD 30 11 10 7
Day 2 PU 30 12 9 7 BD 30 12 10 1  9
Day 3 PU 20 10 9 7 BD 20 10 10 8
W k11 PU 20 10 9 8 BD 20 10 9 8
Day 2 PU 20 9 7 7 BD 20 10 8 8
Day 3 PU 20 9 7 7 BD 20 10 8 8
W k12 PU 20 10 8 6 BD 20 11 8 8
Day 2 PU 20 X X X BD 20 X X X
Day 3 PU 20 10 7 6 BD 20 10 8 7
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GROUP I - SUBJECT 5 TRAINING RECORD
Week W eight Reps /Set W eight | Reps /  Set
W k 1 PU 60 12 10 10 BD 50 10 10 8
Day 2 PU 60 12 11 10 BD 50 1 10 10 9
Day 3 PU 60 13 9 8 BD 50 11 10 11
Wk 2 PU 50 8 9 8 BD 50 12 12 1 10
Day 2 PU 50 8 9 8 BD 50 11 9 i 10
Day 3 PU 50 9 9 8 BD 50 12 11 1 10
Wk 3 PU 50 9 9 8 BD 50 10 10 i  9
Day 2 PU 50 9 9 8 BD 50 11 10 1 9
Day 3 PU 50 9 9 8 BD 50 11 10 i  9
Wk 4 PU 50 9 8 7 BD 50 12 10 i  9
1
Day 2 PU 50 8 8 7 BD 50 10 10 10
Day 3 PU 50 X X X BD 50 X X X
Wk 5 PU 50 9 9 8 BD 50 10 10 9
Day 2 PU 50 9 9 8 BD 50 10 9 1 9
Day 3 PU 50 9 8 8 BD 50 9 9 1 9
Wk 6 PU 50 10 10 10 BD 50 10 12 1 12
Day 2 PU 40 9 8 8 BD 40 9 9 1 9
Day 3 PU 40 8 8 8 BD 40 8 8 j  8
Wk 7 PU 40 8 7 7 BD 40 8 8 1 8
Day 2 PU 40 8 8 7 BD 40 8 8 I 8
Day 3 PU 40 8 7 6 BD 40 9 9 8
Wk 8 PU 40 8 7 7 BD 40 9 !  9 1 9
Day 2 PU 40 7 6 6 BD 40 9 9 : 8
Day 3 PU 40 8 7 6 BD 40 9 ! 9 1 8
Wk 9 PU 40 X X X BD 40 X 1 X  ! X
Day 2 PU 40 X X X BD 40 X 1 X  1 X
Day 3 PU 40 8 7 7 BD 40 9 i  9 ! 7
W k10 PU 40 X X X BD 40 X X  1 X
Day 2 PU 40 8 7 5 BD 40 9 8 1 6
Day 3 PU 40 X X X BD 40 X X X
W k11 PU 40 X X X BD 40 X X
i
X
Day 2 PU 40 8 7 5 BD 40 8 8 7
Day 3 PU 40 8 8 6 BD 40 9 9 8
W k12 PU 40 X X X BD 40 X X X
Day 2 PU 40 8 8 8 BD 40 9 9 8
Day 3 PU 40 9 8 8 BD 40 9 9 I 8
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GROUP II - SUBJ 6 TRAINING GROUP II - SUBJ 7 TRAINING
Week Weight Reps /  Set
W k 1 PU 50 11 7 8
Day 2 PU 50 10 7 8
Day 3 PU 50 17 10 10
W k 2 PU 40 9 9 6
Day 2 PU 40 7 8 8
Day 3 PU 40 11 10 6
W k 3 PU 40 11 7 7
Day 2 PU 40 9 8 7
Day 3 PU 40 9 7 7
W k 4 PU 40 11 9 7
Day 2 PU 40 8 6 5
Day 3 PU 40 10 6 5
W k 5 PU 40 9 8 8
Day 2 PU 40 10 10 9
Day 3 PU 40 11 8 6
W k 6 PU 40 11 9 8
Day 2 PU 40 11 8 7
Day 3 PU 40 11 8 8
W k 7 PU 30/40 8 12 11
Day 2 PU 30 8 7 5
Day 3 PU 30 10 8 7
W k 8 PU 30 10 7 7
Day 2 PU 30 9 6 6
Day 3 PU 30 8 6 6
W k 9 PU 30 8 6 5
Day 2 PU 30 10 8 8
Day 3 PU 30 10 9 9
W k lO PU 30 10 8 8
Day 2 PU 30 10 7 7
Day 3 PU 30 10 7 7
W k l l PU 20 7 9 8
Day 2 PU 20 8 9 7
Day 3 PU 20 7 7 7
W k12 PU 20 7 6 5
Day 2 PU 20 7 5 5
Day 3 PU 20 8 7 6
Week Weight Reps /  Set
Wk 1 PU 60 11 7 7
Day 2 PU 60 10 7 6
Day 3 PU 60 14 9 5
Wk 2 PU 50/60 11 5 8
Day 2 PU 50 8 5 4
Day 3 PU 50 9 6 6
Wk 3 PU 50 9 6 6
Day 2 PU 50 9 7 6
Day 3 PU 50 9 7 5
Wk 4 PU 50 7 6 5
Day 2 PU 50 11 6 5
Day 3 PU 50 X X
Wk 5 PU 50 10 8 5
Day 2 PU 50 12 6 5
Day 3 PU 50 9 7 5
Wk 6 PU 50 9 6 6
Day 2 PU 50 X X X
Day 3 PU 50 X X X
Wk 7 PU 50 10 7 5
Day 2 PU 50 8 6 6
Day 3 PU 50 12 7 5
Wk 8 PU 50 12 8 6
Day 2 PU 40/50 8 8 6
Day 3 PU 40/50 10 8 6
Wk 9 PU 40/50 8 6 6
Day 2 PU 40/50 9 6 6
Day 3 PU 40/50 10 7 6
W klO PU 40 8 6
Day 2 PU 40 10 6 5
Day 3 PU 40 10 7 6
W k l l PU 40 10 6 6
Day 2 PU 40 11 5 5
Day 3 PU 30/40 5 4 5
W k12 PU 30 X X X
Day 2 PU 30 6 6 5
Day 3 PU 30 X X
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GROUP II - SUBJ 8 TRAINING GROUP II - SUBJ 9
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TRAINING
Week Weight Reps /  Set
W k 1 PU 50 15 7 5
Day 2 PU 50 14 9 8
Day 3 PU 40/50 7 5 12
Wk 2 PU 40 7 6 5
Day 2 PU 40 8 6 7
Day 3 PU 40 9 8 7
Wk 3 PU 40 8 8 7
Day 2 PU 40 8 8 8
Day 3 PU 40 10 10 8
Wk 4 PU 40 11 10 11
Day 2 PU 40 12 11 11
Day 3 PU 30 X X X
Wk 5 PU 30/40 6 9 9
Day 2 PU 30/40 6 10 9
Day 3 PU 30/40 8 10 10
Wk 6 PU 30/40 8 10 10
Day 2 PU 30/40 9 10 11
Day 3 PU 30/40 X X X
Wk 7 PU 30/40 9 10 11
Day 2 PU 30/40 9 10 10
Day 3 PU 30/40 9 10 10
Wk 8 PU 30/40 9 7 10
Day 2 PU 30/40 10 10 11
Day 3 PU 30 8 7 7
Wk 9 PU 30 9 8 8
Day 2 PU 30 9 7 7
Day 3 PU 30 11 10 9
Wk 10 PU 30 10 10 11
Day 2 PU 30 10 10 10
Day 3 PU 30 10 9 10
W k l l PU 30 10 9 9
Day 2 PU 30 9 9 9
Day 3 PU 30 12 9 9
W k12 PU 30 X X X
Day 2 PU 30 X X X
Day 3 PU 30 12 9 7
Week Weight Reps /  S et
Wk 1 PU 60 11 8 4
Day 2 PU 60 8 8 5
Day 3 PU 60 11 6 5
Wk 2 PU 60 12 8 5
Day 2 PU 50/60 14 10 7
Day 3 PU 50/60 12 12 9
Wk 3 PU 50/60 10 6 9
Day 2 PU 50 16 9 7
Day 3 PU 50 16 7 7
Wk 4 PU 40/50 10 10 6
Day 2 PU 40/50 11 8 7
Day 3 PU 40/50 X X X
Wk 5 PU 40/50 11 10 7
Day 2 PU 40/50 12 11 7
Day 3 PU 40/50 11 6 9
Wk 6 PU 40 13 6 8
Day 2 PU 40 X X X
Day 3 PU 40 X X X
Wk 7 PU 40 12 6 7
Day 2 PU 40 11 8 5
Day 3 PU 40 13 7 6
Wk 8 PU 40 13 8 6
Day 2 PU 40 X X
Day 3 PU 30/40 10 7 6
Wk 9 PU 30/40 9 6 7
Day 2 PU 30/40 10 9 6
Day 3 PU 30/40 10 7 7
Wk 10 PU 40 13 8 7
Day 2 PU 40 12 7 6
Day 3 PU 40 14 8 6
W k l l PU 40 12 9 6
Day 2 PU 30 10 7 4
Day 3 PU 30 12 6 4
W k12 PU 30 11 7 5
Day 2 PU 30 X X X
Day 3 PU 30 X X X
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GROUP II - SUBJ 10 TRAINING
Week Weight Reps /  Set
Wk 1 PU 60 5 6 7
Day 2 PU 50 10 8 11
Day 3 PU 50 12 11 11
Wk 2 PU 40 8 5 6
Day 2 PU 40 12 9 7
Day 3 PU 40 10 6 7
W k 3 PU 40 8 6 7
Day 2 PU 40 8 8 6
Day 3 PU 40 8 8 9
Wk 4 PU 40 9 8 9
Day 2 PU 40 9 9 9
Day 3 PU 40 10 10 10
Wk 5 PU 40 10 9 8
Day 2 PU 40 10 9 8
Day 3 PU 40 13 10 10
Wk 6 PU 40 13 8 10
Day 2 PU 30/40 8 10 4
Day 3 PU 30/40 10 5 10
Wk 7 PU 30/40 6 6 6
Day 2 PU 30 6 5 5
Day 3 PU 30 8 6 6
Wk 8 PU 30 8 6 6
Day 2 PU 30 7 6 6
Day 3 PU 30 11 6 7
Wk 9 PU 30 8 6 6
Day 2 PU 30 10 8 8
Day 3 PU 30 10 8 8
W klO PU 30 10 10 10
Day 2 PU 30 10 10 10
Day 3 PU 30 10 10 10
W k l l PU 20 7 8 8
Day 2 PU 20 8 8 8
Day 3 PU 20 7 6 8
W k12 PU 20 8 6 8
Day 2 PU 20 10 6 6
Day 3 PU 20 8 5 5
GROUP II - SUBJ 11 TRAINING
WeeK Weight Reps /  Set
W k 1 PU 50 8 7 i 8
Day 2 PU 50 13 10 9
Day 3 PU 50 1 15 I 11 9
W k 2 PU 40 12 8 6
Day 2 PU 40 I 10 j 8 8
Day 3 PU 40 ! 11 j 7 9
W k 3 PU 40 i 8 i 8 6
Day 2 PU 40 | 8 1 7 7
Day 3 PU 40 M O  1 8 8
Wk 4 PU 40 12 8 6
Day 2 PU 40 1 10 8 10
Day 3 PU 40 X j X X
W k 5 PU 40 11 i 7 8
Day 2 PU 40 M 2  M O 10
Day 3 PU 30/40 15 ! 12 10
W k 6 PU 30/40 10 j 7 10
Day 2 PU 30/40 1 10 1 7 9
Day 3 PU 30/40 11 8 10
W k 7 PU 30 10 10 5
Day 2 PU 30 M o  1 5 5
Day 3 PU 30 8 6 10
W k 8 PU 30 10 i  8 9
Day 2 PU 30 11 9 9
Day 3 PU 30 10 1 6 9
W k 9 PU 30 9 i  7 8
Day 2 PU 30 8 1 9 8
Day 3 PU 30 11 ! 9 8
W k lO PU30 11 I 8 7
Day 2 PU 20/30 1 9 i 6 9
Day 3 PU 20/30 11 8 6
W k l l PU 20 !  10 M o
1 1 6
Day 2 PU 20 8 7 8
Day 3 PU 20 ! 11 8 6
W k12 PU 20 1 9 8 9 1
Day 2 PU 20 8 7 9
Day 3 PU 20 6 7 ! 8 i
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GROUP III - SUBJ 1 2 TRAINING
Week Weight Reps /  Set
Wk 1 BD 70 10 9 7
Day 2 BD 70 9 10 9
Day 3 BD 70 15 14 8
Wk 2 BD 60 10 10 11
Day 2 BD 60 10 12 8
Day 3 BD 50/60 7 9 7
Wk 3 BD 50/60 6 10 9
Day 2 BD 50/60 7 9 8
Day 3 BD 50/60 6 9 9
Wk 4 BD 50/60 7 9 10
Day 2 BD 50/60 9 9 7
Day 3 BD 50/60 10 10 10
Wk 5 BD 50/60 11 10 11
Day 2 BD 50/60 9 5 9
Day 3 BD 50/60 10 8 11
Wk 6 BD 50/60 10 9 12
Day 2 BD 50 12 11 8
Day 3 BD 40/50 8 8 5
Wk 7 BD 40/50 4 5 5
Day 2 BD 40/50 6 8 8
Day 3 BD 40/50 4 5 6
Wk 8 BD 40/50 8 6 5
Day 2 BD 40/50 8 8 9
Day 3 BD 40/50 7 8 7
W k 9 BD 40/50 4 8 8
Day 2 BD 40/50 4 9 5
Day 3 BD 40/50 8 5 7
W klO BD 40/50 7 7 6
Day 2 BD 40/50 7 7 8
Day 3 BD 40/50 6 7 7
Wk11 BD 40 9 7 8
Day 2 BD 40 X X X
Day 3 BD 40 X X X
W k12 BD 40 9 7 7
Day 2 BD 40 X X X
Day 3 BD 40 9 9 6
GROUP III-SUBJ 13 TRAINING
Week Weight Reps /  Set
Wk 1 BD 60 11 9 7
Day 2 BD 60 12 6 5
Day 3 BD 50/60 12 8 6
Wk 2 BD 50/60 12 12 13
Day 2 BD 50 12 9 8
Day 3 BD 50 12 12 12
W k 3 BD 40 9 9 6
Day 2 BD40 13 9 6
Day 3 BD 40 X X X
Wk 4 BD 40 X X X
Day 2 BD 40 12 8 7
Day 3 BD 30/40 9 9 8
W k 5 BD 30/40 6 7 5
Day 2 BD 30/40 9 12 7
Day 3 BD 30/40 12 7 8
Wk 6 BD 30/40 X X X
Day 2 BD 30/40 X X X
Day 3 BD 30/40 12 6 6
Wk 7 BD 30/40 12 9 10
Day 2 BD 30 12 9 5
Day 3 BD 30 12 12 4
W k 8 BD 20/30 6 6 6
Day 2 BD 20/30 X X X
Day 3 BD 20/30 X X X
Wk 9 BD 20/30 5 6 6
Day 2 BD 20/30 10 7 11
Day 3 BD 20/30 10 7 12
W k lO BD 20 11 9 5
Day 2 BD 20 12 8 6
Day 3 BD 20 12 8 7
W k l l BD 20 12 9 7
Day 2 BD 20 12 9 7
Day 3 BD 20 X X X
W k12 BD 20 X X X
Day 2 BD 20 12 8 7
Day 3 BD 20 X X X
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GROUP III - SUBJ 15 TRAINING
Week Weight Reps /  Set
! Wk 1 B D 60 10 10 10
Day 2 BD 60 10 10 10
Days BD 50 10 8 7
Wk 2 BD 50 12 9 10
Day 2 BD 40/50 10 12 8
Days BD 40/50 7 4 8
Wk 3 BD 40/50 10 7 12
Day 2 BD 40 11 7 5
Days BD 40 12 9 5
Wk 4 BD 40 12 7 4
Day 2 BD 40 13 6 6
Days BD 40 14 7 6
Wk 5 BD 30/40 6 9 5
Day 2 BD 30/40 8 11 7
Day 3 BD 30/40 4 10 6
Wk 6 BD 30/40 10 11 8
Day 2 BD 30/40 10 8 10
Day 3 BD 30/40 10 9 10
Wk 7 BD 30/40 7 5 10
Day 2 BD 30 9 7 6
Days BD 30 9 6 4
Wk 8 BD 30 10 8 8
Day 2 BD 30 12 8 8
Day 3 j BD 30 X X X
Wk 9 BD 30 X X X
Day 2 BD 30 10 5 5
Days BD 30 9 5 5
W klO BD 30 10 6 7
Day 2 BD 30 10 6 9
Days BD 30 10 6 5
W k ll BD 30 10 10 5
Day 2 BD 30 10 5 7
Days BD 30 X X X
W k12 BD 30 X X X
Day 2 BD 30 10 6 6
Days BD 30 10 6 7
Week Weight Reps / Set
Wk 1 BD 50 11 5 7
Day 2 BD 50 12 5 5
Days BD 50 11 7 6
Wk 2 BD 50 14 6 5
Day 2 BD 40/50 8 8 6
Day 3 BD 40/50 10 7 7
Wk 3 BD 40/50 9 9 7
Day 2 BD 40/50 9 7 6
Day 3 BD 40/50 8 10 7
Wk 4 BD 40/50 10 9 6
Day 2 BD 40/50 7 7 8
Day 3 BD 40/50 11 7 6
Wk 5 BD 40/50 7 9 7
Day 2 BD 40/50 10 8 6
Day 3 BD 40/50 11 10 7
Wk 6 BD 40/50 8 9 8
Day 2 BD 40/50 10 10 7
Day 3 BD 40/50 X X X
Wk 7 BD 40/50 12 11 8
Day 2 BD 40/50 8 6 11
Day 3 BD 40 12 6 5 i
Wk 8 BD 30/40 8 8 7 !
Day 2 BD 30/40 7 8 6 1
Days BD 30/40 10 9 8 I
Wk 9 BD 30/40 8 7 6 1
Day 2 BD 30/40 11 9 7 ;
Day 3 BD 30/40 11 8 7 ;
W klO BD 30 12 6 6 !
Day 2 BD 30 13 7 6 i
Day 3 BD 20/30 8 9 5 1
Wk11 BD 20/30 9 8 7 1
Day 2 BD 20/30 10 7 6
Day 3 BD 20/30 8 6 7 1
W k12 BD 20 8 6 9 1
Day 2 BD 20 X X X
Day 3 BD 20 10 5 5
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GROUP III - SUBJ 16 TRAINING
Week Weight Reps /  Set
Wk 1 BD 70 8 8 7
Day 2 BD 70 12 12 12
Day 3 BD 70 12 12 12
Wk 2 BD 60 11 11 9
Day 2 BD 60 12 12 10
Day 3 BD 50 9 7 6
Wk 3 BD 50 11 8 6
Day 2 BD 50 12 10 9
Day 3 BD 50 12 1 11 9
Wk 4 BD 50 12 12 10
Day 2 BD 40/50 8 11 11
Day 3 BD 40/50 8 j 12 12
Wk 5 BD 40/50 8 12 12
Day 2 BD 40/50 10 8 12
Day 3 BD 40 9 7 6
Wk 6 BD 40 10 8 6
Day 2 BD 40 11 10 7
Day 3 BD 40 13 9 8
Wk 7 BD 30/40 7 10 8
Day 2 BD 30/40 8 9 9
Day 3 BD 30/40 8 7 11
Wk 8 BD 30 9 7 5
Day 2 BD 30 10 6 6
Day 3 BD 30 10 7 7
Wk 9 BD 30 10 7 7
Day 2 BD 30 10 8 8
Day 3 BD 30 11 9 8
W k10 BD 30 11 9 8
Day 2 BD 30 12 7 7
Day 3 BD 20/30 7 8 7
W k11 BD 20/30 7 9 8
Day 2 BD 20/30 7 6 8
Day 3 BD 20/30 8 7 9
W k12 BD 20 9 6 5
Day 2 BD 20 9 8 7
Day 3 BD 20 X X X
GROUP III - SUBJ 7 TRAINING
Week Weight Reps /  Set
W k 1 BD 50 7 6 6
Day 2 BD 50 7 5 7
Day 3 BD 50 9 7 5
W k 2 BD 50 9 7 7
Day 2 BD 50 10 8 6
Day 3 BD 50 12 8 7
W k 3 BD 50 10 9 8
Day 2 BD 50 14 10 8
Day 3 BD 40/50 7 14 10
W k 4 BD 40/50 9 6 8
Day 2 BD 40/50 8 7 10
Day 3 BD 40/50 X X X
W k 5 BD 40/50 9 8 9
Day 2 BD 40 10 6 8
Day 3 BD 40 9 9 7
W k 6 BD 40 10 8 6
Day 2 BD 40 10 7 6
Day 3 BD 40 X X X
W k 7 BD 40 9 8 6
Day 2 BD 40 11 8 7
Day 3 BD 40 11 8 7 i
W k 8 BD 40 12 9 7 :
Day 2 BD 30/40 9 6 8 I
Day 3 BD 30/40 10 9 8 I
W k 9 BD 30 8 6 4
Day 2 BD 30 8 5 5 :
Day 3 BD 30 9 6 5  1
W k lO BD 30 10 7 6 1
Day 2 BD 30 10 7 5 i
Day 3 BD 20 11 8 7 1
W k l l BD 20/30 6 10 8 1
Day 2 BD 20/30 7 5 9
Day 3 BD 20 8 6 5
W k12 BD 20 8 5 5
Day 2 BD 20 7 5 4 I
Day 3 BD 20 7 5 5 1
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PULL-UP DATA The SAS System
O B S S U B J G R P T IM E Y
1 1 1 1 0.00
2 1 1 2 0.00
3 1 1 3 1.75
4 1 1 4 4.75
5 2 1 1 0.00
6 2 1 2 0.00
7 2 1 3 0.50
8 2 1 4 0.75
9 3 1 1 0.00
10 3 1 2 0.00
11 3 1 3 0.50
12 3 1 4 0.75
13 4 1 1 2.00
14 4 1 2 3.50
15 4 1 3 5.00
16 4 1 4 6.00
17 5 1 1 0.00
18 5 1 2 0.00
19 5 1 3 0.00
20 5 1 4 0.50
21 6 2 1 0.00
22 6 2 2 0.00
23 6 2 3 1.00
24 6 2 4 1.50
25 7 2 1 0.00
26 7 2 2 0.00
27 7 2 3 0.50
28 7 2 4 1.50
29 8 2 1 0.00
30 8 2 2 0.00
31 8 2 3 0.00
32 8 2 4 0.50
33 9 2 1 0.00
34 9 2 2 0.50
35 9 2 3 2.75
36 9 2 4 4.50
37 10 2 1 0.50
38 10 2 2 1.00
39 10 2 3 3.00
40 10 2 4 5.00
41 11 2 1 1.00
42 11 2 2 2.00
43 11 2 3 5.00
44 11 2 4 7.50
45 12 3 1 0.00
46 12 3 2 0.00
47 12 3 3 0.00
48 12 3 4 0.00
49 13 3 1 0.50
50 13 3 2 0.50
51 13 3 3 0.75
52 13 3 4 1.00
53 14 3 1 0.00
54 14 3 2 0.00
55 14 3 3 0.00
56 14 3 4 0.00
57 15 3 1 0.00
58 15 3 2 0.00
59 15 3 3 0.00
60 15 3 4 0.50
61 16 3 1 0.00
62 16 3 2 0.00
63 16 3 3 0.00
64 16 3 4 0.00
65 17 3 1 0.00
66 17 3 2 0.00
67 17 3 3 0.00
68 17 3 4 0.00
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PULL-UP DATA The SAS System
Analysis Variable : Y
-------------------------------------- GROUP=1 TIME=1
Sum Mean Std Error Std Dev
2.0000000 0.4000000 0.4000000 0.8944272
GROUP=1 TIME=2
Sum Mean Std Error Std Dev
3.5000000 0.7000000 0.7000000 1.5652476
GROUP=1 T1ME=3
Sum Mean Std Error Std Dev
7.7500000 1.5500000 0.9096703 2.0340846
GROUP=1 TIME=4
Sum Mean Std Error Std Dev
12.7500000 2.5500000 1.1710038 2.6184442
GR0UP=2 TIME=1
Sum Mean Std Error Std Dev
1.5000000 0.2500000 0.1707825 0.4183300
GR0UP=2 TIM E=2-------
Sum Mean Std Error Std Dev
3.5000000 0.5833333 0.3270236 0.8010410
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PULL-UP DATA The SAS System
GR0UP=2 TIME=3
Sum Mean Std Error Std Dev
12.2500000 2.0416667 0.7703264 1.8869066
GR0UP=2 TIME=4 •
Sum Mean Std Error Std Dev
20.5000000 3.4166667 1.0986102 2.6910345
GR0UP=3 TIME=1
Sum Mean Std Error Std Dev
0.5000000 0.0833333 0.0833333 0.2041241
GR0UP=3 TIME=2 ■
Sum Mean Std Error Std Dev
0.5000000 0.0833333 0.0833333 0.2041241
GR0UP=3 TIME=3
Sum Mean Std Error Std Dev
0.7500000 0.1250000 0.1250000 0.3061862
GROUP=3 TIME=4
Sum Mean Std Error Std Dev
1.5000000 0.2500000 0.1707825 0.4183300









Analysis of Variance Procedure 
Class Level Information
Levels Values
17 1 2 3 4 5 6 7 8 9 1 0 1 1  1213  14 15 16 17
3 1 2 3
4 1 2 3 4
Number of observations in data set = 68
Dependent Variable: Y
Analysis of Variance Procedure
Source DF Sum of Squares Mean Square F Value P r > F
Model 67 196.61029412 2.93448200
Error 0
Corrected Total 67 196.61029412
R-Square C.V. 1Root MSE Y Mean
1.000000 0 0 0.98529412
Source DF Anova SS Mean Square F Value Pr > F
GROUP 2 27.60300245 13.80150123
TIME 3 34.59558824 11.53186275
SUBJ(GROUP) 14 88.06979167 6.29069940
GROUP‘TIME 6 17.58253676 2.93042279
SUBJ*TIME(GRP) 42 28.75937500 0.68474702









F Value P r > F
2.19 0.1483
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PULL-UP DATA The SAS System
Analysis of Variance Procedure
Tu key's Studentized Range (HSD) Test for variable: Y
NOTE: This test controls the type I experimentwise error rate, but 
generally has a higher type II error rate than REGWQ.
Alpha= 0.05 d ^  42 MSE= 0.684747
Critical Value of Studentized Range= 3.783
Minimum Significant Difference= 0.7592
Means with the same letter are not significantly different.
Tu key Grouping Mean N TIME
A 2.0441 17 4
B 1.2206 17 3
C 0.4412 17 2
C
C 0.2353 17 1
Tu key's Studentized Range (HSD) Test for variable: Y
NOTE: This test controls the type I experimentwise error rate.
Alpha= 0.05 Confidence= 0.95 df= 14 MSE= 6.290699
Critical Value of Studentized Range= 3.701
Comparisons significant at the 0.05 level are indicated by '***'.
Simultaneous Simultaneous 
Lower Difference Upper
GROUP Confidence Between Confidence
Comparison 
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TIME=1
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure












F Value Pr > F
TIME=2 •
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square
Model 2 1.22450980 0.61225490
Error 14 13.21666667 0.94404762
Corrected Total 16 14.44117647
Pr> F
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T1ME=3
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square
Model 2 11.78946078 5.89473039
Error 14 34.82083333 2.48720238
Corrected Total 16 46.61029412
P r>  F
TIME=4
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square
Model 2 31.89607843 15.94803922
Error 14 64.50833333 4.60773810
Corrected Total 16 96.40441176
F Value P r>  F
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GROUP=1









1 2 3 4 5  
1 2 3 4
Number of observations in by group = 20
GROUP=1
General Linear Models Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square F Value Pr> F
Model 19 70.95000000 3.73421053 - -
Error 0 - •
Corrected Total 19 70.95000000
R-Square C.V. Root MSE Y M ean
1.000000 0 0 1.30000000
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GROUP=2 •









6 7 8  9 10 11 
1 2 3 4
Number of observations in by group = 24
GROUP=2
General Linear Models Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square F Value P r>  F
Model 23 96.18489583 4.18195199 -
Error 0 - -
Corrected Total 23 96.18489583
R-Square C.V. Root MSE Y Mean
1.000000 0 0 1.57291667
Source DF Type 1 SS Mean Square F Value P r>  F
TIME 3 38.09114583 12.69704861
SUBJ*TIME 20 58.09375000 2.90468750 -
Source DF Type III SS Mean Square F Value P r>  F
TIME 3 38.09114583 12.69704861
SUBJTIM E 20 58.09375000 2.90468750
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GROUP=3
General Linear Models Procedure 
Class Level Information
Class Levels Values
SUBJ 6 12 13 14 15 16 17
TIME 4 1 2  3 4
Number of observations in by group = 24
GROUP=3
General Linear Models Procedure
Dependent Variable; Y
Source DF Sum of Squares Mean Square F Value P r> F
Model 23 1.87239583 0.08140851
Error 0 • •
Corrected Total 23 1.87239583
R-Square C. V. Root MSE Y Mean
1.000000 0 0 0.13541667
Source DF Type 1 SS Mean Square F Value P r>  F
TIME 3 0.11197917 0.03732639
SUBJ*TIME 20 1.76041667 0.08802083 -
Source DF Type III SS Mean Square F Value Pr> F
TIME 3 0.11197917 0.03732639
SUBJ*TIME 20 1.76041667 0.08802083
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Source I d f SS I MS F 1 Fcritical
Group @  time 1 2 0.275 0.138 0.066 3.170
Group @  time 2 2 1.225 0.613 0.294 3.170
Group @  time 3 | 2 11.789 5.895 2.826 3.170
Group @  time 4 2 31.896 15.948 7.645 3.170
Time @  group 1 3 13.975 4.658 2.233 2.780
Time @  group II 3 38.091 12.697 6.087 2.780
Time @ group III 3 0.112 0.037 0.018 2.780
Pooled error 56 116.829 2.086
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BAR DIP DATA The SAS System
OBS SUBJ GROUP TIME Y
1 1 1 1 0.0
2 1 1 2 2.0
3 1 1 3 5.0
4 1 1 4 12.0
5 2 1 1 0.0
6 2 1 2 0.0
7 2 1 3 1.0
8 2 1 4 4.5
9 3 1 1 0.0
10 3 1 2 3.0
11 3 1 3 5.0
12 3 1 4 9.0
13 4 1 1 4.0
14 4 1 2 5.5
15 4 1 3 7.0
16 4 1 4 11.0
17 5 1 1 0.5
18 5 1 2 2.0
19 5 1 3 3.0
20 5 1 4 4.5
21 6 2 1 4.0
22 6 2 2 4.0
23 6 2 3 7.0
24 6 2 4 9.5
25 7 2 1 0.5
26 7 2 2 0.5
27 7 2 3 0.5
28 7 2 4 2.5
29 8 2 1 4.0
30 8 2 2 7.0
31 8 2 3 9.0
32 8 2 4 10.0
33 9 2 1 0.0
34 9 2 2 0.0
35 9 2 3 0.0
36 9 2 4 0.0
37 10 2 1 3.0
38 10 2 2 4.0
39 10 2 3 7.0
40 10 2 4 9.0
41 11 2 1 1.0
42 11 2 2 1.0
43 11 2 3 3.0
44 11 2 4 4.0
45 12 3 1 0.0
46 12 3 2 0.0
47 12 3 3 0.5
48 12 3 4 1.0
49 13 3 1 0.0
50 13 3 2 3.0
51 13 3 3 7.0
52 13 3 4 10.5
53 14 3 1 0.0
54 14 3 2 0.0
55 14 3 3 1.0
56 14 3 4 1.5
57 15 3 1 0.0
58 15 3 2 1.0
59 15 3 3 4.0
60 15 3 4 7.0
61 16 3 1 0.0
62 16 3 2 0.0
63 16 3 3 0.5
64 16 3 4 1.5
65 17 3 1 0.0
66 17 3 2 0.0
67 17 3 3 0.5
68 17 3 4 1.5
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Analysis Variable : Y
---------------------------------------GR0UP=1 TIME=1
Sum Mean Std Error Std Dev
4.5000000 0-9000000 0.7810250 1.7464249
GR0UP=1 TIME=2 •
Sum Mean Std Error Std Dev
12.5000000 2.5000000 0.8944272 2.0000000
GR0UP=1 TIME=3
Sum Mean Std Error Std Dev
21.0000000 4.2000000 1.0198039 2.2803509
GR0UP=1 TIME=4
Sum Mean Std Error Std Dev
41.0000000 8.2000000 1.5858752 3.5461246
GR0UP=2 TIME=1
Sum Mean Std Error Std Dev
12.5000000 2.0833333 0.7350359 1.8004629
GR0UP=2 TIME=2 •
Sum Mean Std Error Std Dev
16.5000000 2.7500000 1.1086779 2.7156951
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BAR DIP DATA The SAS System
GROUP=2 TIME=3
Sum Mean Std Error Std Dev
26.5000000 4.4166667 1.5406528 3.7738133
GROUP=2 TIME=4
Sum Mean Std Error Std Dev
35.0000000 5.8333333 1.7256239 4.2268980
GROUP=3 TIME=1
Sum Mean Std Error Std Dev
0 0 0 0
----------------------------- GROUP=3 T IM E =2----------------
Sum Mean Std Error Std Dev
4.0000000 0.6666667 0.4944132 1.2110601
GROUP=3 TIME=3
Sum Mean Std Error Std Dev
13.5000000 2.2500000 1.1011358 2.6972208
GROUP=3 TIME=4 •
Sum Mean Std Error Std Dev
23.0000000 3.8333333 1.6210422 3.9707262









Analysis of Variance Procedure 
Class Level Information
Levels Values
17 1 2 3 4 5 6 7 8 9 1 0 1 1  1 2 1 3 1 4 1 5  16 17
3 1 2 3
4 1 2 3 4






















Source DF Anova SS Mean Square
GROUP 2 73.12475490 36.56237745
TIME 3 227.94117647 75.98039216
SUBJ(GROUP) 14 339.22083333 24.23005952
G ROUPTIM E 6 23.93799020 3.98966503
SUBJTIME(GRP) 42 96.24583333 2.29156746
F Value Pr > F









F Value P r > F
1.51 0.2550
Tests of Hypotheses using the Anova MS for SUBJ*TIME(GRGUP) as an error term
Source DF
TIME 3







F Value Pr > F
33.16 0.0001
1.74 0.1352
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BAR DIP DATA The SAS System
Analysis of Variance Procedure 
Tu key's Studentized Range (HSD) Test for variable: Y
NOTE: This test controls the type I experimentwise error rate, but 
generally has a higher type II error rate than REG WO.
Alpha= 0.05 df=42 MSE= 2.291567
Critical Value of Studentized Range= 3.783
Minimum Significant Difference= 1.3889
Means with the same letter are not significantly different.
Tukey Grouping Mean N TIME
A 5.8235 17 4
B 3.5882 17 3
C 1.9412 17 2
C
C 1.0000 17 1
Analysis of Variance Procedure 
Tu key's Studentized Range (HSD) Test for variable: Y  
NOTE: This test controls the type I experimentwise error rate. 
Alpha= 0.05 Confidence= 0.95 df= 14 MSE= 24.23006 
Critical Value of Studentized Range= 3.701 
Comparisons significant at the 0.05 level are indicated by ' 
Simultaneous Simultaneous
Lower Difference Upper
GROUP Confidence Between Confidence
Comparison Limit Means Limit
1 -2 -3.721 0.179 4.080
1 -3 -1.638 2.263 6.163
2 - 1 -4.080 -0.179 3.721
2 -3 -1.636 2.083 5.802
3 - 1 -6.163 -2.263 1.638
3 -2 -5.802 -2.083 1.636
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TIME=1
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square
Model 2 13.09166667 6.54583333
Error 14 28.40833333 2.02916667
Corrected Total 16 41.50000000
F Value Pr > F
TIME=2
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square
Model 2 15.23284314 7.61642157
Error 14 60.20833333 4.30059524
Corrected Total 16 75.44117647
F Value P r>  F
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TIME=3
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure












F Value P r>  F
TIME=4
Analysis of Variance Procedure 
Class Level Information
Class Levels Values
GROUP 3 1 2  3
Number of observations in by group = 17
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square
Model 2 52.00392157 26.00196078
Error 14 218.46666667 15.60476190
Corrected Total 16 270.47058824
F Value Pr > F
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GROUP=1









1 2 3 4 5  
1 2 3 4
Number of observations in by group = 20
GROUP=1
General Linear Models Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square F Value P r> F
Model 19 246.95000000 12.99736842
Error 0 • ■
Corrected Total 19 246.95000000
R-Square C.V. Root MSE Y  Mean
1.000000 0 0 3.95000000
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GROUP=2









6 7 8 9  10 11 
1 2 3 4
Number of observations in by group = 24
GROUP=2
General Linear Models Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square F Value P r>  F
Model 23 264.98958333 11.52128623 -
Error 0 • •
Corrected Total 23 264.98958333
R-Square C.V. Root MSE Y  Mean
1.000000 0 0 3.77083333
Source DF Type 1 SS Mean Square F Value P r>  F
TIME 3 51.36458333 17.12152778
SUBJTIME 20 213.62500000 10.68125000 •
Source DF Type III SS Mean Square F Value P r>  F
TIME 3 51.36458333 17.12152778
SUBJTIME 20 213.62500000 10.68125000
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BAR DIP DATA The SAS System
GROUP=3
General Linear Models Procedure 
Class Level Information
Class Levels Values
SUBJ 6 12 13 14 15 16 17
TIME 4 1 2  3 4
Number of observations in by group = 24
GROUP=3
General Linear Models Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square F Value Pr> F
Model 23 175.40625000 7.62635870
Error 0 • ■
Corrected Total 23 175.40625000
R-Square C.V. Root MSE Y Mean
1.000000 0 0 1.68750000
Source DF Type 1 SS Mean Square F Value Pr> F
TIME 3 52.86458333 17.62152778
SUBJTIME 20 122.54166667 6.12708333
Source DF Type III SS Mean Square F Value Pr> F
TIME 3 52.86458333 17.62152778
SUBJTIME 20 122.54166667 6.12708333
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FLEXED ARM HANG The SAS System
Analysis Variable : Y
--------------------------------------GROUP=1 TIME=1
N Mean Std Dev Std Error
5 11.2840000 8.0522810 3.6010896
GROUP=1 TIME=2
N Mean Std Dev Std Error
5 27.0080000 10.0770120 4.5065767
GROUP=2 TIME=1
N Mean Std Dev Std Error
6 14.4583333 7.6945186 3.1412741
GROUP=2 TIME=2 •
N Mean Std Dev Std Error
6 30.2566667 11.9060080 4.8606074
GROUP=3 TIME=1
N Mean Std Dev Std Error
6 3.9283333 6.6114459 2.6991115
GROUP=3 TIME=2
N Mean Std Dev Std Error
6 9.0883333 8.1917310 3.3442602
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FLEXED ARM HANG The SAS System









1 2 3 4 5 6 7 8 9 1 0  11 12 13 14 15 16 17 
1 2 3  
1 2
Number of observations in data set = 34
Dependent Variable: Y
General Linear Models Procedure
Source DF Sum of Squares Mean Square F Value P r>  F
Model 33 5335.13767353 161.67083859 .
Error 0
Corrected Total 33 5335.13767353
R-Square C.V. Root MSE Y Mean
1.000000 0 0 15.81911765
Source DF Type 1 SS Mean Square F Value P r> F
GROUP 2 1663.97524186 831.98762093
SUBJ(GROUP) 14 1905.40038167 136.10002726
TIME 1 1228.44402647 1228.44402647
GROUPTIME 2 218.30522186 109.15261093
SUBJTIME(GRP) 14 319.01280167 22.78662869
Source DF Type III SS Mean Square F Value Pr > F
GROUP 2 1663.97524186 831.98762093
SUBJ(GROUP) 14 1905.40038167 136.10002726
TIME 1 1257.46486381 1257.46486381
GROUPTIME 2 218.30522186 109.15261093
SUBJTIME(GRP) 14 319.01280167 22.78662869
Tests of Hypotheses using the Type III MS for SUBJ(GROUP) as an error term
Source DF Type III SS Mean Square F Value P r> F
GROUP 2 1663.97524186 831.98762093 6.11 0.0124
Tests of Hypotheses using the Type III MS for SUBJTIME(GROUP) as an error term
Source DF Type III SS Mean Square F Value P r>  F
TIME 1 1257.46486381 1257.46486381 55.18 0.0001
GROUPTIME 2 218.30522186 109.15261093 4.79 0.0260
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FLEXED ARM HANG The SAS System
General Linear Models Procedure
Tu key's Studentized Range (HSD) Test for variable: Y
NOTE: This test controls the type I experimentwise error rate.
Alpha= 0.05 Confidence= 0.95 df= 14 MSE= 136.1
Critical Value of Studentized Range= 3.701
Comparisons significant at the 0.05 level are indicated by '***'.
Simultaneous Simultaneous
Lower Difference Upper
GROUP Confidence Between Confidence
Comparison Limit Means Limit
2 - 1 -9.862 3.211 16.28
2 - 3 3.384 15.849 28.314
1 - 2 -16.285 -3.211 9.862
1 - 3 -0.436 12.638 25.711
3 - 2 -28.314 -15.849 -3.384
3 - 1 -25.711 -12.638 0.436
General Linear Models Procedure
Tukey's Studentized Range (HSD) Test for variable: Y
NOTE: This test controls the type I experimentwise error rate, but 
generally has a higher type II error rate than REGWQ.
Alpha= 0.05 df= 14 MSE= 22.78663
Critical Value of Studentized Range= 3.033 
Minimum Significant Difference= 3.5117
Means with the same letter are not significantly different.
Tukey Grouping Mean N TIME
A 21.830 17 2
B 9.808 17 1
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SIMPLE MAIN EFFECTS ANALYSIS 




Source df SS MS F 1 Fcritical
Group @ time 1 2 348.070 174.035 2.19 3.34
Group @ time 2 2 1534.210 767.100 9.66 3.34
Time @ group 1 3 618.110 618.110 7.78 4.20
Time @  group 11 3 748.762 748.762 9.43 4.20
Time @ group III 3 79.880 79.880 1.00 4.20
Pooled error 28 2224.410 79.440
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MODIFIED PULL-UP The SAS System
Analysis Variable : Y
---------------------------------------GROUP=1 T!ME=1
N Mean Std Dev Std Error
5 9.8000000 2.3874673 1.0677078
GROUP=1 TIME=2 •
N Mean Std Dev Std Error
5 21.6000000 5.8566202 2.6191602
GROUP=2 TIME=1
N Mean Std Dev Std Error
6 11.6666667 5.2408651 2.1395742
GROUP=2 TIME=2 •
N Mean Std Dev Std Error
6 21.1666667 3.6560452 1.4925742
GROUP=3 TIME=1
N Mean Std Dev Std Error
6 6.1666667 1.9407902 0.7923243
GROUP=3 TIME=2 ■
N Mean Std Dev Std Error
6 12.3333333 4.4121046 1.8012341
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MODIFIED PULL-UP The SAS System









1 2 3  4 5 6  7 8  9 10 11 12 13 14 15 16 17 
1 2 3  
1 2
Number of observations in data set = 34
General Linear Models Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square
Model 33 1579.44117647 47.86185383
Error 0 .
Corrected Total 33 1579.44117647
R-Square C.V. Root MSE Y Mean
1.000000 0 0 13.6764
Source DF Type 1 SS Mean Square
GROUP 2 366.17450980 183.08725490
SUBJ(GROUP) 14 369.76666667 26.41190476
TIME 1 688.50000000 688.50000000
G RO UPTIM E 2 44.43333333 22.21666667
SUBJTIME(GRP) 14 110.56666667 7.89761905
Source DF Type III SS Mean Square
GROUP 2 366.17450980 183.08725490
SUBJ(GROUP) 14 369.76666667 26.41190476
TIME 1 704.96971935 704.96971935
G ROUPTIM E 2 44.43333333 22.21666667
SUBJTIME(GRP) 14 110.56666667 7.89761905
F Value P r>  F
F Value P r>  F
F Value P r>  F
Tests of Hypotheses using the Type III MS for SUBJ(GROUP) as an error term
Source
GROUP






P r>  F 
0.0081
Tests of Hypotheses using the Type III MS for SUBJ*TIME(GROUP) as an error term
Source DF
TIME 1










Pr > F 
0.0001
0.0940
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MODIFIED PULL-UP The SAS System
General Linear Models Procedure
Tukey's Studentized Range (HSD) Test for variable; Y
NOTE: This test controls the type I experimentwise error rate.
Alpha= 0.05 Confidence= 0.95 df= 14 MSE= 26.4119
Critical Value of Studentized Range= 3.701
Comparisons significant at the 0.05 level are indicated by '***'.
Simultaneous Simultaneous
Lower Difference Upper
GROUP Confidence Between Confidence
Comparison Limit Means Limit
2 - 1 -5.043 0.717 6.476
2 -3 1.675 7.167 12.658
1 - 2 -6.476 -0.717 5.043
1 - 3 0.691 6.450 12.209
3 - 2 -12.658 -7.167 -1.675
3 - 1 -12.209 -6.450 -0.691
General Linear Models Procedure
Tukey's Studentized Range (HSD) Test for variable: Y
NOTE: This test controls the type I experimentwise error rate, but 
generally has a higher type II error rate than REGWQ.
Alpha= 0.05 df= 14 MSE= 7.897619
Critical Value of Studentized Range= 3.033 
Minimum Significant Difference= 2.0674
Means with the same letter are not significantly different.
Tukey Grouping Mean N TIME
A 18.1765 17 2
B 9.1765 17 1
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PUSH-UP DATA The SAS System
Analysis Variable ; Y
-------------------------------------- GROUP=1 TIME=1
N Mean Std Dev Std Error
5 12.4000000 7.7974355 3.4871192
GROUP=1 TIME=2
N Mean Std Dev Std Error
5 21.0000000 7.3143694 3.2710854
GROUP=2 TIME=1
N Mean Std Dev Std Error
6 20.1666667 8.9758936 3.6643932
GROUP=2 TIME=2
N Mean Std Dev Std Error
6 25.3333333 5.0859283 2.0763215
GROUP=3 TIME=1
N Mean Std Dev Std Error
6 6.6666667 4.5898439 1.8737959
GROUP=3 TIME=2
N Mean Std Dev Std Error
6 15.8333333 3.4302575 1.4003968
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1 2 3 4 5 6 7 8 9  10 11 
1 2 3  
1 2
1213 14 15 16 17
Number of observations in data set =  34




















Source DF Type 1 SS Mean Square F Value Pr> F
GROUP 2 794.13529412 397.06764706
SUBJ(GROUP) 14 1028.10000000 73.43571429
TIME 1 489.44117647 489.44117647
GROUPTIME 2 27.62549020 13.81274510
SUBJTIME(GRP) 14 125.43333333 8.95952381
Source DF Type III SS Mean Square F Value Pr> F
GROUP 2 794.13529412 397.06764706 .
SUBJ(GROUP) 14 1028.10000000 73.43571429 .
TIME 1 492.97562777 492.97562777 .
GROUPTIME 2 27.62549020 13.81274510
SUBJTIME(GRP) 14 125.43333333 8.95952381 -
Tests of Hypotheses using the Type III MS for SUBJ(GROUP) as an error term
Source DF Type III SS Mean Square F Value Pr> F
GROUP 2 794.13529412 397.06764706 5.41 0.0182
Tests of Hypotheses using the Type III MS for SUBJTIME(GROUP) as an error term
Source DF Type III SS Mean Square F Value Pr> F
TIME 1 492.97562777 492.97562777 55.02 0.0001
GROUPTIME 2 27.62549020 13.81274510 1.54 0.2482
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PUSH-UP DATA


































Mean Std Error Std Dev
11.2500000 1.7757841 6.1514965
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PUSH-UP DATA The SAS System
General Linear Models Procedure 
Tu key's Studentlzed Range (HSD) Test for variable: Y 
NOTE: This test controls the type I experimentwise error rate. 
Alpha= 0.05 Confidence= 0.95 dh= 14 MSE= 73.43571 
Critical Value of Studentlzed Range= 3.701 








Comparison Limit Means Limit
2 -1 -3.553 6.050 15.653
2 -3 2.344 11.500 20.656
1 -2 -15.653 -6.050 3.553
1 -3 -4.153 5.450 15.053
3 -2 -20.656 -11.500 -2.344
3 -1 -15.053 -5.450 4.153
General Linear Models Procedure
Tu key's Studentlzed Range (HSD) Test for variable: Y
NOTE: This test controls the type I experimentwise error rate, but 
generally has a higher type II error rate than REGWQ.
Alpha= 0.05 df=14 MSE= 8.959524
Critical Value of Studentlzed Range= 3.033 
Minimum Significant Difference= 2.202
Means with the same letter are not significantly different.
Tukey Grouping Mean N TIME
A 20.706 17 2
B 13.118 17 1
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